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P E E P A C E. 



The present work is designed as a book of reference 
for the Mathematical student^ and to supply a 
want much felt in the lecture-room by those who 
require a hand-book of established Principles and 
Formulas to enable them to follow the explanations 
of the lecturer. 

It is not intended fof the gratification of the 
superficial learner, or to assist those who are content 
to stake their chanc6 of success in a competitive 
examination upon the precarious and obnoxious 
system of cramming; but it may be used with 
advantage by the student to test his own proficiency 
in writing out the proofs of the formulae and 
fundamental propositions, and may often save the 
tutor himself much time and trouble in the prepara- 
tion of a book-work examination. 

Many years' experience in Mathematical tuition, 
as well as in the lecture-room, have convinced the 
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compiler of the utility of such a compendium. It 
lias been his endeavour to render the present work 
sufficiently complete, and to keep in view a point 
too much lost sight of in Mathematical works — 
uniformity and simplicity of Notation ; and, whilst 
every care has been taken to secure accuracy and 
perspicuity of arrangement, no merit is claimed for 
it beyond that which is due to the labour bestowed 
upon its preparation. 

King's Colleqb, London, 
Apnl, 1862. 
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ERRATA. 

Page 14, art. 19, for "cos," read "oosec." 

— 81, — 69, for "x6," read "xyr 

— 47, — 3, for "Except n = 1,** read "Except n « - 1." 

— 49, — 31, /or "xj' read "a;*"." 

— 63, — 16, for " two parallelisms," read " paralleliam." 

— 55, — 24, fm* " (2 — c)«," read " {z — 0«." 

— 55, — 28, for " semi-axis," &c read " the semi-axes of 

the generating ellipse being a and 6.'* 

— 79, — 86, for "Abscissa," read "AbscisssB." 



ARITHMETIC. 

CEITEEIA OF DIVISIBILITY. 

I. A NUMBER is divisible by 2, 4, or 8, when the number 
formed by the last one, two, or three figures on the right, is 
divisible by 2, 4, or 8 respectively. 

II. Every number ending with 5 or 0, is divisible by 5 or 
10 respectively. 

III. Every number is divisible by 3 or 9 when the sum of 
the digits is divisible by 3 or 9 respectively. 

IV. Every number is divisible by 11 when the diflference 
between the sum of the figures in the odd places and the 
sum of those in the even places is divisible by 11. 

V. Every compound number will divide a given quantity 
when its component factors will divide that quantity. 



ALGEBEA. 

ALGEBRAICAL SYMBOLS. 

sa denotes, equal to, or equals. 
+ „ plus, or together with. 
— „ minus, or less than. 
X J, multiplied into. 

B 







ALGEBRA. 


-7-< 


ienotesi 


divided by. 


fv 


yt 


difference between. 


> 


}} 


greater than. 


< 


}) 


less than. 


OC 


ff 


varies as. 


oo 


» 


infinity. 


Ll 


» 


factonsd », or the product of the 
natural numbers from 1 to n. 


1 


» 


a X a X a * '' ton factors. 


1 

tja or tf » 


>J 


the n^ root of a. 


m 


19 


the n^ root of a^. 



Anomalous Results, 



.2-0. 

a 
a 
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•FORMULA. 






Laws of Indices, 




1. 


a"^ Xa"" ^ a'^ + *. 


I. 


2. 


a"^ -^a"" =«'»-«; 
or •:_ = « 


II. 


3. 


.{fH^Y = a"^"^' 


Ill 



4. a" = 1. 
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5. iT"^ = — 

a* • 

8. «2 _ ^2 « (^ ^ ^) (^ _ j)^ 

9. (« ± bf -^ a^ ±2ab + If^, 



13. a^ ± ^3 =, (^ + ^) (^2 + «^ + ^2). 

14. ^^ = a^:^ad + b\ 

a ± b 

QUADRATIC • EQUATIONS. 
General Form, 



16; 



General Solution, 



\ 



roots equal if f ^ 4tq, 

roots impossible if jo^ < 4 ^. 

roots possible and unequal if ^^ > 4 ^* 

General Properties. 

17. — j5 = sum of the roots. 

q = product of the roots. 
B2 
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RATIO ; PROPORTION AND VARIATION. 

a : b denotes the ratio of a to 3. 
--- „ measure oi a:b. 



a : b =s c : d OT -T = - denotes the equality of the 

a 



ratios a : b and e : d. 

a __ e 
b " d 



18. li a : b ^ e I d OT T ^ -:. then ad =^ be. 



19. Invertendo 

b : a =^ d I Cy or - = - . 

a c 

20. Alternando 

I J a b 
a : c >= b : d, or - =s -. • 

^ e d 

21. Componendo 

b I b ^ e + d : d, or — i — == — L— 

b d 

22. Dividendo 

XT jj flf — b c — d 

a — b ', b = e — did, or — - — =. — -— . 

b d 

23. Convertendo 

a \ a — b ^ c \ c — a, or 



a — b c — d 

24. a±b'. a'^b^c±d:c'^d, or ^ ~" ^ » ^-= — . 

« + 6 c + e? 

25. If a : b = b : Cf then - s -- , 

or : (? in the duplicate ratio of a : b. 

26. If a : b ^ b : c = e : d, then -1=7;, 

or tf : ^ in the triplicate ratio of a : b. 
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27. U a \ b ^ b \ e ^ e \ d =^ d : e ^ e :/ . %LQ 

a + c + e + ,, , __ a 

b + d+f+.., "V 

or sum of antecedents is to the sum of the consequents as 
one of the antecedents is to its consequent. 

28. U Foe V, 

V = Cv\ C being a constant quantity. 

29.^ If F oc inversely as v. 

V 

30. If r oc t?! and r oc »^ 

F<c t?! ± gg ; 

Fee Vt?it>2- 

31. li F cc v^ i^hen v^, v^ ... are constant, 
« ^ ^ «^2 w «?i i?3 . . . „ 

„ F CC V^ „ t?, t72 • • • 

then F oc product when all vary, 

or 

F ^ C' • t?2 t?2 1?3 • • • 



PROGRESSIONS. 

a — first term. 
/ = last. 

d a common difference, 
r = common ratio, 
n = number of terms. 
s ~ sum of ^ terms. 



n 



Arithmetical Progression (A.P.). 



32. n^ term ^ a •{• n — \ , d. 

33. 5 . = (tf 4- /) I = (2« + TUT . ^) I 

34. Arithmetic mean » semi-sum of the extremes. 
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Geometrical Progression (GP.)- 



36. 8== a. 



r - 1 



37. 2 = limit of the sum in inf. 

" 1 — r 



38. Geometric mean = Vproduct of the extremes. 

Harmonical Progression (H.P.). 

Def . a, b,c,dj.,. are in H. P. if 

a : c '^ a — 6 : b — <?, 
d : d = 6 — c : c — d^ 
&o. . . . 

39. The reciprocals of quantities in H.P. are in A.P. 



1111 

or -. = ' 

b a c 



40. n^ term « ^ 



{n^l)a — (» — 2) 6 

41 . Harmonic mean between x and y 

X +y 
(Geom. mean)* 

Arith. mean 

Piles of Balls, 

n = number of balls in a side of the base* 
= number of courses. 

42. Number of balls in a triangular pile 

= ?(» + !)(« + 2). 



43. Number of balls in a square pile 

= 12 ^ 25» + 32 + . . . + »«, 

= ?(« + !) (2n + 1). 

44. Number of balls ia a rectangular pile 

(/ and n being the number of balls in the longer and shorter 

sides of base.) 

VARIATIONS, PERMUTATIONS, AND COMBINATIONS. 

45. Number of variations of n things taken r together 
— «(«•— 1) (« — 2) . . . (« — f + 1). 

46. Number of permutations of n things 
= nin — 1) (« — 2) ... 3 . 2 . 1. 

47. Number of permutations of n things when the quanti- 

ties recur, p, qyr , . , times 

^ 1.2.3...^.1.2.3...5'1.2.3...f... 



l£.l£..IL:-- 

48. Number of combinations of n things taken r together 

- » (« — ^) (» -" 1) • " (« ^ ^ + 1) 
"" 1.2.3...r 

49. Number of combinations of n sets of things containing 

p,q,r,., things in each set respectively 

— jp, q,r . . . 

50. Total number of combinations of n things 
= 2" — 1. 

BINOMIAL THEOREM. 
n . — — a * ^8 + . . . 
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62. f^ term = n . "" . — .r — . . . 

2 3 

r — 1 

53. Greatest term » t^ term 

if f be the first whole number > (» + 1) 



a + b 

54. Number of terms =s « + 1 

if » =3 integer. 

55. Sum of the coefficients = 2**. 

PROPERTIES OF NUMBERS. 

56. The product of r consecutive nimibers is divisible by 

1 . 2 . 3 . . . r. 

57. General form of a square number is 

6n, or 5n ± 1. 

58. Fermat's theorem, 

s= integer, 

n 

n being a prime number, and N prime to n. 

59. Wilson's theorem, 

1.2.3... »— 1 + 1 • x^„^^ 
! — = integer, 

n 
n being a prime number. 

INTEREST, DISCOUNT, AND ANNUITIES. 

Notation, 

P denotes principal in pounds. 

r „ rate of interest, or interest on £l for 1 year. 

n „ number of years. 

/ „ interest on P for « years. 

M „ amoimt. 

V „ present value. 

Z) „ oiscoimt. 

A „ annuity. 
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60. Simple interest, 

/ = Fnr, 
if = P (1 + «r). 

61. Compound interest, 

I := M- F, 
Jf = P(l +r)\ 

(1 +»•)»■"" 

62. Discount, 

1 + »r 



1+nr 

63. Terminable annuities, 

(l + r)"-l 
M = A , • 



^-"rK (l+r)«J 



64. Perpetual annuities. 






65. In an annuity deferred for d years, and to continue 
for n years, 



PROBABILITIES. 

If a = number of ways in which an event may happen, 
b = number of ways in which an event may fail. 

66. Probability of the event happening 

a 
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67. Probability of the event &iling 

_ b 

" a + b' 

68. Probability of an event's happening r times exactly in 
n trials 

69. Probability that any number of independent events 
will all happen 

1 ^111 

-; where — * — * — . . . 



PlP^PZ'" Pi P% Ps 

represent the probabilities that eaoh will happen. 



ASSURANCES. 

70. Single premium for an assurance of £l on Hfe aged m 

l — r.v^ 



l + r 
71. Annual premium 

__ single premium . 

* "^ m 

where o„ =« present value of £l per annum on a life aged m 
years. 

LOGARITHMS. 
Def. If «' = JV, / = logarithm of N to base a . or 

/-log,i\r. 

Common base = 10. 

Napierian base = <? (= 2-7182818 nearly) 

log^ oo = oo, and log^ 1 = 0, and log^ = — oo. 

Characteristic— the integral part of a logarithm. 
Mantissa— the decimal part of a logarithm. 
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If n be the number of digits in the integral part of a 
quantity N greater than 1, or the number of cyphers 
immediately after the decimal point in a quantity N less 
than 1, the characteristic of logiQ iV^ is » — 1, or — (« + 1), 
respectively. 

Fundamental Properties of Logarithms, 
72. \og^N^,N^,N^ . . . •= log^i\^i + log^iVa + log^J\r3+ . . . 



73. 


N 


74. 


log^ iV" = « log^ N. 


75. 


, ^ _ log, N 

WW 


76. 


log^ N = log^ b . log^ N. 



Modulus of a System of Logarithms — the constant multiplier 

which connects two systems. 

1 



77. Modulus of the common system = 



log, 10 



Properties of Logarithms to base 10. 

78. The characteristic may be determined by inspection. 

79. The mantissa is the same for the logarithms of all 
numbers having the same significant digits. 

Principle of Proportional Parts. 

80. If iV + ^ be a quantity lying between the consecutive 
numbers N and N + I, N being large and x small, /, / + y, 
I + D their corresponding logarithms; sp : I — y : D, 

or ^ = ^ and y = Da;, that is, for large numbers and small 

differences, the increments of the numbers are proportional 
to the increments of their logarithms. 
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Exponential Thtoremt. 



81. «* = 1+ log, a . a: + Gog, <»)» . j^ 



+ aog.«)».^3 + . 



82. ^ = 1 + -r + — + ^ + . . . 

^1.2^1.2.3^ 



Logarithmic Series, 
84. log,(l+;r) = *-^ + ^-^ + ... 



Formula for Computation of Logarithms to base 10. 

86. log (« + !) = log n + 

2/ 1 + 1 + 1 I ) 

log^ 10 V2« + 1 ^^3 (2« + 1)3 ^ 6 (2« + 1)» ^ • • •/• 

86. log (» + 1) = 2 log « — log (» — 1) -^ 

ja / 1 I 1 ^ I ) 

log, 10 V2«2 - 1 ^ 3 (2«2 _ 1)^ T • • 7. 

87. -. = -434294482 approximately. 
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TEIGONOMETEY. 

In any right-angled triangle, the angle A is contained by 
the bate and htfpothenusey and subtended by the perpendicular, 

TRIGONOMETRICAL RATIOS AND THEIR 

RECIPROCALS. 



1. 


sine A = 2?^- . 

hyp' 


2. 


. r = -^— = cosecant A. 

Bine A perp' 


3. 


J base 

cosine A = = . 

hyp- . 


4 


^ ^^' secant i 


Tt» 


cosine A base 


6. 


tangent A = ?— i— . 
base 


fS 


1 base . .J 


u> 


tangent ^ perp"^ 

Versed sine A = 1 — cosine ^. 



7. chord A, of circle radius r, = 2r sin — . 

2 

o . ^ sin A , J cos ^ 

8. tan A = . cot ^ = - — - . 

cos A sin ^ 

MEASUREMENT OF ANGLES. 

9. Unit of EngHsh measure (degree) : 

1°- ± of rights. 

1° = ec, 1' = 60". 






14 TBiaONOHETBT. 

10. Unit of French measure (grade) : 

V = ~^*** of right /_. 

l« = 100', 1' = 100". 

1 1 . Circular measure is the numerical ratio of arc to radius. 
Unit of circular measure is the angle whose arc =» radius. 

If IT represent the circular measure of two right angles, 
D = number of degrees in any angle A, 
G ss „ grades 

6 ss circular measure of 

12. B^O — ^. 

40 

13. e^ A.^, 7) = !??.^. 

180 ' IT 

14 Numerical value of jr = 3*14159, or 3^ nearly. 

1^ = 57°-29578 

IT 

- 1 T • -J.- 1 . sin ^ J tan 6 

15. Limiting value of — -— and — -— = 1. 

6 6 

16. For very small angles, sin ^ = ^ = tan 6, 

17. Complement of J."" = 90° — ^. 

18. sin (90 — ujO = cos ^ ; cos (90 — ^ = sin A. 

19. cos (90 — .^) = sec -^ ; sec (90 — ^ = cosec A, 

20. tan (90 — ^) = cot ^ ; cot (90 — ^ = tan A. 

21. Supplement of A° «= 180° — A"". 

22. sin (180 — ^) = sin A. 

23. cos (180 —^ = — cos ^. 

24. tan (180 — ^) = -- tan ^. 

25. sin (180 4 ^) = — sin A. 

26. cos (180. + A) =^ — cos A. 

27. tan (180 + ^^ « tan ^. 
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General Forms. 



28. 
29. 
30. 



sin ^ = sin {« ir + (— 1)'' 6}. 

cos ^ = cos {2 « TT ± 6}. 

tan 6 = tan {« tt + 6}. 
n being anif positive or negative integer, or zero. 



31. Changes of the Trigonometrical Ratios through the 

four Quadrants. 



L. 

A 


1 
1 

sin A 


oos^ 


tan A 


cot ^ 


sec A 


cosec A 


o o 

otodo 


+ 
Otol 


+ 
ItoO 


+ 

OtO oo 


+ 
oo too 


+ 

1 to oo 


+ 

oo to 1 


90 to 180 


+ 
ItoO 


Otol 


oo too 


OtO oo 


oo tol 


+ 
1 to oo 


180 to 270 


Otol 


ItoO 


+ 
tOoo 


+ 
oo too 


ItO oo 


oo to 1 


270 to 360 


ItoO 


+ 
Otol 


oo too 


OtOoo 


+ 
oo tol 


1 to oo 



32. 
33. 
34. 



36. 
36. 
37. 



Negative Angles, 

sin ( — ^) = — sin A. 
cos ( — A) = cos A, 
tan ( — J) — ^ tan A. 

Common Formula. 

sin ^A + cos ^A = 1. 
sin A ^ fjl — cos *A. 
cos J = Vl — sin *A. 
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38. sec ^ = \/r+~tanTZ 

39. cosec A = Vl + cot ^A. 

Ai\ J tan A 

40. sm A — 



41. cos ^ = 



47. 



Vl + tan"^' 
1 



Vl + tan ^A 

42. sin [A'\' B) ^ sin -^ cos ^ + cos A sin B. 

43. sin (^ — ^) = sin ^ cos B — cos u!^ sin B, 

44. cos (A'\' B) = cos ^ cos B — sin ^ sin if. 

45. cos {A — B^ = cos ^ cos ^ + sin -i sin B, 

Aa ^^^ / J I D\ t*Ji ^ + tan ^ 

46. tan ( J + 5) = — L-— --. 

1 — tan A , tan B 



tan^-^tan^ 

^ ^ 1 + tan ^ . tan ^ 



48. sin 2 ^ B 2 sin A cos A. 

49. cos 2 ^ = cos ^A — sin *-i. 
60. cos 2 ^ = 2 cos sj — 1. 

51. cos 2 ^ = 1 — 2 sin *^. 

ira X o ^ 2 tan ^ 

52. tan 2 A = ^ — — • 

1 — tan ^A 

53. sin 3 ^ = 3 sin ^ — 4 sin ^A. 

54. cos 3 ^ B 4 cos ^^ — 3 cos ^. 

55. sm ^ + sin -8 = 2 sin — i — cos 

A A- B 

66. sin -^ — sin ^ = 2 cos — i — sin 

2 

67. cos ^ + COS ^ — 2 COS —~ — cos 

68. cos 5 — cos ^ = 2 sin — i — sin 



— 


2 




A 


— 


B 




2 




A 


— 


B 




2 




A 




^ 
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COS A cos £ 

60. tan ^ - tan ^ = sin {A -- B ) 

cos A cos B 

61. cot^ + oot^=.?lEi^l+J?). 

sin ^ . sin ^ 

62. cot 5 — cot A = »|° (^ - -g) . 

sin ^' . sin ^ 



63. 



®^° 2 " 2 (n^I + sin^ — Vl -sin j). 



64. cos - = 1 (^1 + sin^+Vl-sini). 

''• *^%--tio(--i+Vi"+^«./). 

66. sin (^ + B) sin (^ — ^) = sin^ ^ - sin^ B. 

67. tan ^ + tan ^ + tan C = tan ^ . tan ^ . tan 6', 

(where ^ + jj + c' = 180). 

68. Numerical Values of certain Trigonometrical Ratios, 



sin 


30° 


= 


cos 60° 


= 


1 

2 


cos 


30° 


= 


sin 60° 


- 


\/3' 
2, 


tan 30° 


= 


cot 60° 


= 


1 


sec 


30° 


= 


cosec 60° 


= 


2 

V3" 


[cosec 


30° 


= 


sec 60° 


s: 


2. 



cot 30° = tan 60^ =» \/a 

c 
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[sin 46° = cos 46° = 4= • 

tan 46°:= cot 46° = 1. 
sec 46° = cosec 46° « \/^ 

sin 16°= cos 75° = ^''Ji - 

2 V2 

cos 16°= sin 75° = V^+i . 

2 V2 

tan 15° = cot 76° =2 — ^37 

VT— 1 



sin 18° = cos 72° = 



4 



sin 64° = cos 36° = "ll^tl 

4 



SOLUTION OF TRIANGLES. 

a, b, e denote the sides opposite the angles Ay B, C, 

a + b + c 

' 2 

^ = area of the triangle. 
r = radius of the inscribed circle. 
E = ff circumscribed circle, 

r , r , r = radii of the escribed circles touching sides 

a b c ' 

a, b, c respectively. 

69. sin ^ : sin ^ : sin C7 = a ; 6 : r ; 
sin A sin ^ sin C 

or = ; — = 

a b c 

70. flS = d* + c« — 2dccos^; 



or, cos A = 



^bc 



TBIGONOMETRT. 19 

A 
COS - 

71. a^ib — c) 1 when tan ^ = iJli tan -, 

72. tan ^ » %-4 • cot ^. 

2 « + * 2 



73. 8in^= /(*-*>( 

2 V ^i 

74. cos - as / --^ ^'. 

"2, s/ be 



8 — c) 
c 



75. tan^= /(*-*)('-'). 

2 V «(* — «) 

76. sin ^ = ^ J,(,_^)(,-i) (,_,). 

77. A = "2 d(? sin.^ = VilT^-TK* - d) (« ~ tf) 

78. c = tf cos J9 + ^ cos A, 

„- i (7 sin ^ 

79. r — — J 






80- -S ' .. A 

4A 



81. -Br= ^ 

82. f = — ^-. 

a s — a 

c2 



— a) (8 — b) (s — c ) 
abe 

abe 

4 ^/, (* — a) (8 — ^) (* - c) 
abe 
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83. r = ^ 



* 8 — b 

84. r=-^. 

c 8 — C 

85. Distance between the centres of the inscribed and 
circumscribed circles = fJB^ — 2Er, 

Be Moivre^s Theorem, 

86. (cos e + 'J— I sin ^" = cos « ^ + i^— 1 sin n 0. 

87. If cos ^ -f V— Isin 6 = 0:, 

cos S — V — lsin^ = -. 

a: 

2 cos « ^ = ar" + J: • (l) 

2 V^l sin » ^ = ar" L . (2) 

88. Euler's Series. 

^ ^ ^ 

sin^ = ^- j^+ j^- ^ ... 

^ ^ ^ 
cosd=l->--4.-— - 



sin ^ 



cos^ 






89. Gregory's Series. 

^ = tan ^ — - tan s^ + i tan »^ — . . . 
3 6 
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9(). MachifCs Series, 

4 U 3 63 -t- 5 55 ' ) 

"(239 " 3(239/ +•••) 



SPHEKICAL TKIGONOMETEY. 
DEFINITIONS. 

I. Oreat Circle. — The boundary of every section of a sphere 
made by a plane passing through the centre. 

IL Small Circle. — The boundary of every section of a 
sphere made by a plane not passing through the centre. 

III. Poles of a Circle. — ^The extremities of that diameter 
of the sphere which is perpendicular to the plane of the 
circle. 

IV. Spherical Triangle. — ^The portion of the surface of a 
sphere contained by tnree arcs of great circles which cut one 
another two and two. 

V. Lune. — ^The spherical surface included between two semi- 
circles containing an angle 6, 

FUNDAMENTAL FORMULiE. 

When, Ay By C denote the angles of a spherical triangle A 
a^ bj c denote the sides respectively opposite. 

a_±±±c^. ^ A + B + C 
s « and /y = 2 

E — A + B + C — 180 = spherical excess. 
1. cos a = cos b cos c + sin b ein c cos A. 
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SPHXBIGAL IRIGONOMBIRT. 



2. sin ^ : sin ^ : sin 6^ B sin a : edn 3 : sin (?. 

3. cot aaiab = cot «4 sin C + cos b cos (7. 

4. cos ^ = — COB fi cos C + BUI -^ sin C cos tf . 



8. 



tan 



A + B 



Napief^s Analogies. 

a — b 

cos ^ 

2 , C ^ 

= -—z • cot - • 

a + b 2 

cos-g- 

. a — b 



tan 



A — B 



sm 



. a + b 
sin 



2 X C' 

■ cot - . 



2 



2 



, , cos 

tan ^±i ^.tan£'. 



2 



cos 



2 



2 



. ^ — J9 

sm — - — 

tan "LZlI 2_ ,^c 

2 . ^ +B 2 

sin — ^^ — 



9. 



Solution of Bight-Angled Triangles. 

C = 90°, c = hypothenuse. 
Circular parts, a, b, 90 — <?, 90 — A, 90 — B. 



MIDDLE PART. 


ADJACENT PART. 


OPPOSITE PART. 


a 

b 
90 c 
90 A 
90 — J? 


*; 90 B 
a; 90 — A 
90 ^ ; 90 B 
b;90-'C 
a; 90 — c 


90 — c ; 90 — ^ 

90 — c ; 90 — ^ 

a ; b 

a; 90 —B 

b;90 — A 

• 

1 
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Napief's Rules, 

m 

10. Sine of the middle part » product of the tangents of 

the adjacent parts. 

11. Sine of the middle part » product of the cosines of 

the opposite parts. 



Solution of Oblique-Angled Triangles. 

12. Given s, 

sin ^ 1 / sin {s — b) sin {s — g j 
2 ^ sin d sin tf 

13. cos - = /sin ^. sin (s -^ a) 

2 ^ sin A sin c 

14. Given /S; 

sin ? = / —c(mScob(S—J) 
2 ^ sin ^ sin C 

15. cos 2 = / cos(;y-^co8(;y-g) 

2 ^ sin ^ . sin t/ 

Other cases by common Formulsa and Napier's Analogies. 

16. Area of lime » — . area of hemisphere. 

17. Area of spherical triangle = — - . area of hemisphere. 

18. Legendre^a Theorem. If A' B' (J are angles of a plane 
triangle whose sides zx^ of the same length as those of a 
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corFesponding spherical triangle, and small compared with 
the raoius of the sphere ; then — 

E E E 

^3 3 3 



ANALYTICAL GEOMETKY AND CONIC 

SECTIONS. 

DEFINITIONS. 

I. Co-ordinate axes. — ^Two straight lines intersecting each 
other in a point called the origin^ to which the position of a 
point in the same plane with thetn is referred. The axes 
are rectangular or oblique, according as they intersect each 
other at right angles or obliquely. 

II. Ordinate of a point. — The distance of the point from 
one of the axes, measured parallel to the other axis. 

III. Abscissa of a point. — The part of the axis cut oflF by 
the ordinate. 

IV. Co-ordinates. — The abscissa and ordinate. 

V. Radius vector of a point. — Its distance from a fixed point 
called the pole. 

VI. Vectorial angle or angle of revolution. — The angle which 
the radius vector makes with a fi>xed line called the initial line. 

VII. Polar co-ordinates of a point.^The radius vector and 
vectorial angle. 

VIII. Equation to a line. — The equation which expresses 
generally tne relation between the co-ordinates of any point 
whatever in the line. 

IX. Locus of an equation. — The line which contains all the 
points determined by the proposed equation. 
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FORMULA. 
General Notation and Abbreviations. 

X denotes the abscissa of a point. 

y „ ordinate „ 

p „ radius vector „ 

B „ vectorial angle „ 

{xy) denotes the point whose co-ordinates are x andy. 



FORMULiE FOR TRANSFORMATION OF 
CO-ORDINATES. 

When k denotes the abscissa of a new origin. 
k „ ordinate of a new origin. 

Q> „ angle between two oblique axes. 
a „ „ the axes of x. 

fi „ „ the axes of y, 

1. For change of origin only, 

X becomes x -{- h, 
y becomes y + ^• 

2. For change of direction of axes, both systems rect- 
angular, 

X becomes x cos a — y sin a, 
y becomes xhm.a-\- y cos a. 

3. For change of rectangular to oblique co-ordinates, 

X becomes x cos a -f- y sin ^, 
y becomes a: sin a 4" ^ cos /3. 

4. For change of oblique to rectangular co-ordinates, 

X becomes -^s^'^C^"-") _ V ^oa (<» - «) 

sin 6> sin o> 

, X sin a . y cos a 

y becomes —, 1- ^ 

sm o> sm o> 

6. For change of rectangular to polar co-ordinates, 

X becomes r cos ^, 
y becomes r sin d. 
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6. Distance between two points (x^ y^) and (^^2 ^2) 

EQUATIONS TO THE STRAIGHT LINE. 

Where a and b are its intercepts on the axes of x and w, 
p its perpendicular distance from the origin. 
a the inclination of p to the axis of x, or to the initial 

line, and fi its inclination to the axis of y. 
m the tangent of the angle which it makes with the 

positive part of the axis of sc. 
n the ratio of the sines of the angles which it makes 

with the axes of x and y. 

7. . y e= «« ar + ^ j 

8. f 4. 4 B I /^Rectangular co-ordinates. 
a ' 



9. X cos a + y sin a = jd 

10. y =s war + ^ 






11. f -I. £ a. 1 V Oblique co-ordinates. 
a b ' 

12. X cos a + y cos fi ^ p 

13. p = /? sec (^ — a) Polar co-ordinates. 

FORMS OF CERTAIN LINES REFERRED TO 
RECTANGULAR AXES. 

14. Line through origin, 

y ^ mx, 

15. Line through {x-^ y^), 

16. Line throu^ {x^ y^) and {x^ y^, 

Xt "■" Xo 
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17. Line through (a^^ y^) and making an angle tan-i ( 
with the line y ^ mx -{• b, 

18. For intersection of lines y ^ ms -^ b, ") 

and y = a' a? + b\ C 



b — b' , m^b-^mb' 

andy 



} 



«' — m mf — fit 

19. Angle between lines y ^ mx -^ bj 

and y — a'j + A', 

= tan- (^^). 

20. Condition of parallelism, m « m\ 

21. Condition of perpendioularitji « = ^ . 

22. Perpendioular from (^r^ y^ on the line y = «i a? + A 

.yi- -»»^i — ^ 

THE CIRCLE. 

(r ■- radius). 

23. Equation to the oirde, centre being origin, 

** + y* = ^• 

24. General equation, h and ^ being co-ordinates of centre, 

(ar - hf + (y - it)^ = r>. 

26. Equation to tangent at point {x' y% 

26. Equation to normal, 

x' 



Jr Oy« A^ 
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THE PARABOLA. 

Focus 8, Vertex A. , AS ^ a. 

27. Equation to parabola, vertex being origin, 

28. Equation to parabola, origin being point {ky h) in t- e 
curve. 

2a 4a 

29. Polar equation to parabola, focus being pole, 

2a 

9 = ::• 

1 — cos ^ 

30. Equation to parabola referred to any diameter and 
tangent at its extremity (P). FF, QF being coordinates of 
any point Q, 

Qr2 = 4SF.FF, 

31. Equation to tangent at point (x'y), 

yy' = 2tf (a: + or'). 

32. Equation to normal through (jr'yO» 

General Properties of the Parabola. 

33. Any point P is equidistant from focus and directrix. 

34. Latus rectum = 4a, 

35. Focal distance SP = a + x. 

36. Subtangent = 2ar. 

37. Subnormal = 2a. 

38. Sr^ =^ SP.SA where ST ± tangent at P. 

39. A diameter and the focal distance of its extremity 
make equal angles with the tangent at the same point. 

40. Tangents at the extremity of any focal chord intersect 
at right an^es in the directrix. 
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THE ELLIPSE. 

Centre C, Foci 8 and H, Axis major AC A' = 2 a, Axis 
minor BOB' ^ 2b . X the intersection of the axis major with 
the directrix. Eccentricity = e. 

41. Equation to the ellipse^ centre being origin, 

a* ^ ^ " • 

42. Equation to the ellipse, vertex A being origin, 

y = ± -^2ax — x^, 

^ a 

43. Polar equation to the ellipse, centre being pole, 

_ b 

^ " Vl — tf2cOs2^* 

44. Polar equation to the ellipse, focus S being pole, 

« f 1 — O 

1 — ^ COS ^ 

45. Equation to the ellipse referred to conjugate diameters 
CP, CD ; CFjQF being co-ordinates of Q, 

46. Equation to tangent at point (ar'y'), 

47. Equation to normal through {x'^)y 

General Froperties of the Ellipse. 

Focal distance of point P ^ x / , 

rTT-T F-^-ET — I&-T' — r-r- "= constant =^ e .{e< 1 j. 

Distance of P from the directnx 

48. (? » -1^? t . 
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49. 


e e 


60. 


CS = ae\ AS ^ a{l— e). 


51. 


Latus rectum = — = 2 a (1 — «*). 

a 


52, 


SF = a -^ ex. 


63. 


HF ^ a — ex. 


64. 


8F + EF = constant = 2^. 


65. 


Subtangent = — 


66. 


Subnormal = — . . ar'. 



67. The ellipse becomes a parabola when C 8 ^ cx> \ 
AS remaining finite. 

68. The normal at any point bisects the angle between the 
focal distances of that point. 

59. CF^ + CIJ^=-a^ + b^ 

60. Cl^ ^ SF . HF. 

61. SY^ = ^ . ^ where ST ± tangent at P. 

H F 

62. The tangents at the extremities of any focal chord 
intersect in the directrix. 

63. The tangent at the extremity of any diameter is 
parallel to the corresponding conjugate diameter. 



THE HYPERBOLA. 

Centre C, Foci S and H. Transverse axis A CA' = 2 a. 
Conjugate axis B CB' = 2 b. Eccentricity » e, 

64. Equation to the hyperbola, centre being origin, 
^ — ^ 1 
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65. Equation to the hyperbola, vertex A being origin, 

jr = ± -V2tf^r+~?. 
a ' 

66. Polar equation to the hyperbola, centre being pole, 

^ \'«2 cos2 ^ — 1 ' 

67. Polar equation to the hyperbola, focus being pole, 

'^ 1— <?cos^ 

68. Equation to the hyperbola referred to conjugate 
diameters CP, CD ; CT, Q T being co-ordinates of §, 

69. Equation to the hyperbola referred to its asymptotes, 

70. Equation to the tangent at point (a?'^0> 

71. Equation to the normal through (a?'^'), 

General Properties of the Hyperbola, 

Focal distance of point P f f _ / i \ 

Distance of P from directrix 

72. ^=V^+T«, 

73. (7J-5L; ^X=^(^""^>. 

74. C8 ^ ae\ AS =^a{e— I). 

75. Latus rectum = — = 2^ (^ — 1). 
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76. SF ^ ex — a. 

77. HP =- ea: + a. 

78. EP — SP" constant = 2^. 

79. Subtangent = — . 

80. Subnormal ■- _ . a?'. 

81. The hyperbola becomes a parabola when CS == oo -, 
AS remaining nnite. 

82. The normal at any point bisects the exterior angle 
between the focal distances of that point. 



83. 


Cpa - ^i>2 = fl2 - ^. 


84. 


CUf^ ^ SP . HP, 



85. SY^ = ^* • ^ where SY x tangent at P. 

HP 



General Eqtuition to the Section of a Cone 

Made by a plane inclined to the axis of the cone at angle 
«■ — ^ — a, at a perpendicular distance d ^m 6 firom the 
vertex : 2 a being the vertical angle of the cone. 

o^ o ^d sin a sin 6 sin ^ . sin (2a + ^) - 

oo. y" = X — i • sr- 

cos a cos^ a 



EQUATIONS TO CERTAIN LOCI. 
The Cycloid, 

87. X ^ rie — sin B), \ 
y =z r (I — cos ^) ; / 

or, X =a,rvers — 1^ — 'J2ry — y*. 
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The Epicycloid, 

88. s^ (a + r) OOB 6 — r cos ^^L+Z , e\ ) (1). 
y - (df + r) sin (9 - r sin ("^ . i) ((2). 

The Ifypocycloid, 



89. 



X ^ (a — r)coaB + r cos f^LZLL . ^ j ^ (i). 
y -K^ — r) sin ^ - r sin ("LlZl . e) 



The Companion to the Cycloid, 



90. a- » r (1 - cos 3) ) (1). 
y-r^ i(2). 



:Z!«tf Trochoid. 

91. a- = r (^ — « sin ^) ) (1). 
y = r (1 — « cos ^) [ (2). 



The Epitrochoid, 



92. ar = 



(2). 



• = (tf + r)co8^-(?cosCl±r;^jJ (1). 
y = (« + r) sin e-^dBijx (±±S.d) \ (2). 



34 ANALTTIGAli GSOMBTBT AND CONIC aSOTIONS. 

The ffypotrocAoid. 

93. J - (tf — r) 008 d + rfcos /^?-=J! . e) ) (1). 

y - ( tf — r) sin d — isin^lZir . ^j 1^(2). 

TheCardioid. 

94. p «B 2r (1 — cos ^). 

JT^ Spiral of Archimedes. 
96. P = ^ ^. 

Tiitf Logarithmic Spiral* 



96. , p ^ a ^ 



The Catenary/, 

« 

^ / ? — ^ \ "^^ lowest point of the 
97. ^ -f- * — - ( ^" + ^ **) J curve being origin; the 

2 ■ \ '^ f axis of y vertiwd ; a the 

' / * _'\ O^^S^^ ^^ chain whose 
* =: ? (/a — «""«) ) weight = tension at 
2 \ / the lowest point. 



The Cissoid of Liocles, 
98. / (2r - ^) = ^. 

Tii^ Conchoid of Nicotnedes. 

99. ^y-(««-y»)(i+yr. 

^i4^ FtVcA of Agnen, 
100. ar^ = 4>* (2r — *). 
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The Lemniseate of Bernoulli, 

101. {y8 + (« + xf\ [f + (tf ^ ar)8} - (?*. 

The Logarithmic Curve. 

102. ' y = «', 



103. 



TAtf Quadratrix of Dinostratus. 
,= (r-a-)tan(|.£). 



MENSURATION. 

r denotes the radius of a circle. 

__ circumference of a circle 
diameter 

.Approximate values of tt, 

(1) 3-14159265. 

(2) 314159. 

(3) 3f. 

1. If A ss interior angle of a regular figure of n sides, 

^« - 5-:=^ . 180^ 
n 

In a pentagon J. = 108°. 
In a nexagon J. » 120°. 
In an octagon A » 135°. 

2. Chord of a circle subtending ^, 

= 2f sm -- . 
d2 
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ARCS AND PERIMETERS. 

3. Arc of a circle subtending ^°, 

A 
180 

4. Perimeter of a .circle, 

= 2irf. 

5. Arc of a parabola, measured from ver tex, 

= v«a? + x^ •\' a logtf 7= 

«. Perimeter of ellipse, semi axes a and A, 
= n {a-^b) approximately. 

7. Arc of cycloid measured from vertex, 

= \/8 rx. 

8. Length of cycloid, 

= 8r. 



9. Arc of catenary measured from lowest point, 

a I a ~« ^ 

= Vy^ — c^ 

10. Length of the catenary \ ^j^ere 2/ = horizontal 

/ L _i\ V distance between the points 
= tfl / ^e " J ) ^^ attachment. 

' AREAS. 

11. Area of rectangle, sides a, b, 

=s a , b» 

12. Area of parallelogram, sides a, b including ^ Aj 

sr ab sin A, 



MENSURATION. 

13. Area of triangle, altitude p, base c, 

1 

SB - 0^ sin C 
2 

s: Js {s — a) (s — b) {8 — c). 

14. Area of trapezium, altitude p, parallel sides a, b, 

= - p (tf + *). 

15. Area of polygon of n sides '(a)j 

a^ . 180 
ss » . _ . cot - . 

4 n 

16. Area of circle, 

17. Area of annulus, exterior and interior radii, E, r, 

18. Area of circular sector, ^ A, 

s -- arc X radius, 

-'''^•360- 

19. Area of circular segment, 

s area of sector — area of triangle, 

= TT r^ . —- r^ sin A, 

360 2 

20. Area of cycloid, 

= 3 X area of the generating circle, 
= 3 7rr2. 

21. Area of parabola cut off by a double ordinate 2y, 

Bs - of parallelogram with same base and 



height, 



3 ^ 
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22. Area of ellipse semi axes a^ b, 
=s vab. 



23. SimpsotCi Rule for determining the approxinuUe area of 

any curvilinear figure. 

Let the base be divided into anj number of parts each 
= />, and from the points of section draw perpenoiculars to 
meet the curve. Let 

F denote the first, L the last perpendicular. 
B » sum of all the even perpendiculars. 
= sum of all the odd perpendiculars. 

Then area =l2)(-?'+Z + 4^ + 2 0). 



SURFACES. 

24. SurfiBMse of a sphere, 

=s 4«rr^. 

25. Surface of cylinder, height h^ 

ssz 2irrh, 

26. SurfEbce of prism, perimeter of base P, 

27. Surface of cone or pyramid, 

s= ^ perimeter of base x slant height. 

28. Surface of spherical segment,* height A, 

= 2 TT r^. 



29. Surface of a paraboloid, 

3 



= X" Vtf ( V(ar + a)s — V^S). 
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30. Surface of prolate spheroid, 

31. Surface of oblate spheroid, 

= 2-'{l + i^ log (Jif)). 

VOLUMES. 

32. Vol of reotangolar paraUelopiped, sides a, b, e, 

= abc. 

33. Vol. of sphere, 

2 
~ 3 ^ circumscribing cylinder, 

4 - 

34. Vol. of spherical segment, height h, 

= ^(3r-A)A3. 

35. Vol. of cylinder or prism, 

« area of base x height, 

36. Vol. of cone or pyramid, 

= - X circumscribing cylinder or prism, 

3 

37. Vol. of paraboloid, 

= - X droumsoribing cylinder, 



40 DIFFERENTIAL CALCULUS. 

38. Vol of prolate spheroid, 

as - X circumscribing cylinder, 

4 TTflfd" 

3 

39. Vol. of oblate spheroid, 

2 
= ~ X circumscribing cylinder, 

«5 



DIFFEEENTIAL CALCULUS. 



DEFINITIONS. 

I. Function of one or more variable quantities. — ^An algebraical 
expression whose value depends upon that of one or more of 
the variable quantities which it involves. 

II. Limiting value of a function. — ^That quantity from which 
the function may be made to differ as little as we please b^ 
making the difference between the variable and some parti- 
cular value of it as small as we please. 



Qeneral Notation, 

a, b, c denote constant quantities generally, 
^f Vi ^ fj variable quantities general^, 
u, Vy 10 „ functions of one or more variables. 
/(x) „ function of X. 
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/Qf + h) denote the value oif{x) when x becomes x + A. 
dxy dUf dv „ differentials of x^ n, v. 

J!L ?- Jf. J, differential coefficients of u, p, ic, with 
dx dx dx 



dx 



respect to x. 



FORMUIuE FOR DIFFERENTIATION. 

If « =/(y)andy =/W, 

(^if (^« dy 
dx dy dx 

1. -=-^ =s where C = constant. 

dx 

2. ~ = 1 ^(^^) = c, 

dx dx 

g fl? (» + g + «^) ^ 4. ^ 4. ^5 
rfa: dx dx 






du 
dx dx dx dx 



6. 



7. 



-__ ^ nu -— where n = constant. 
dx dx 

df-\ - 

\v) _ d(uv ) 

du dv 

V It — 

_ dx dx 
— _ , 
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9. ^ = «'. 

d(^ogafi) ^ 1 1 ^ 

da , log* a' u dx 



10. 



11. 



12. ^=«^(log,«^ + --^). 

,n d sin » du 

13. — ; — = cos « . -- . 

.. </cos«« . du 

14. — ; — = — sin « . -— . 

dx dx * 

15 ^tana _ g.^ ^ ^« 

dx dx 

, ^ «? cot u ^ du 

16. — - — = — cosec* « , — . 

dx dx 

, ^ d sec « . «?« 

1/. — ; — = sec « . tan « . -— . 

dx^ dx 

, Q d cosec « , du 

18. ; = — cosec u , cot « . -r- . 



19. 



20. 



21. 



^ sin ^ « 1 du 

—Tx — vr=T« * Tx' 

^cos""*« 1 </» 

dx "" Vi j^a fl?ar 

^^tan^^w^ 1 fl?« 

<?dr \ -\- u^ ' dx 



22 



23. 



24. 



25. 
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dGof/^u 1 du 

rfi? 1 + «r flfa? 

rfseo""^ u __ 1 ii» 

fl?ar ij V»* 1 ^* 

rfcosec^^a 1 i« 

f/ vers"" ^ « _ 1 du 

dx ij^^ i^a ' 5ar 

THEOREMS. 

26. Taylor* 8 Theorem, Where « denotes /(ar), 

27. Jfaclaurifi's Theorem. Where /(O), /'(6), /"(O) . , . 

denote the respective values of «, -^, — , . . . 

dx dx' 

when X = 0, 

/W = /(O) +/ (0) . ? +/" (0) . ^ +/"' (0) --^ + . . . 

28. Liebnitg's Theorem, Symbolical expression, 

29. If u = /(y, J?), y, a^ being functions of x, 

^ =s (^\ ^ 4- f^I^ ^ 
dx \dy' ' dx \dzl * dx' 

30. U u ^f (x, y) = 0, y being a function of x, 



44 DIFFERENTIAL CALOULUS. 

31. If « = /(a:, y, ^) = 0, a: and y being independent 
variables, 

(^\ + fl'-A . '^ = 



\dyf \dz' ' dy ) 



RULES OF MAXIMA AND MINIMA. 

32. u = /(a) may be made a maximum or a minimum by 
the value x = a derived from the equation, 

du ^ 
^ =0. 
dx 

33. X ^ a renders u a maximum or a minimum according as 

{—-V \ is negaiioe or positive, 

aar) x^ b 

34. If If^l = 0, 1^1 =0 is a condition, 

dX*)x = a 

is negative or positive. So on generally. 

35. Maxima and minima values of implicit functions, 

y may be made a maximum or a minimum by the value 
X — a derived from the simultaneous equations, 

m = »} • 

36. X — a renders y a maximum or a minimum according 
ld^u\ 

as -^ ., y is positive or negative. 



dy 



« = a 
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37. Differential ooeffioents of Arc (*). Area (J) ; surface 
S) ; volume (F), 






38. Equation to the tangent at point (;r, y), 

39. Equation to the normal at point (or, y), 

40. Equation to the asymtote, 

Where a and b denote the limits of -^, and ;r — y . ^, 
when ar increases indefinitely, ^^ * fi^y* 

r = tf (Z - d). 

41. Radius of curvature (22), 

42. Spirals, 

^ - - + ©■• 
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43. Singular points of a curve whose equation is, 

CONDITIONB OF— 

(1 ) Multiple points, 

(2) Points of inflexion, 

—4 changes sign for a small increase and decrease of x. 
dor 

(3) Conjugate points, 
-^ = , having impossible values. 



dy 



INTEGEAL CALCULUS. 
DEFINITIONS AND GENERAL NOTATION. 

Indefinite Integral, ludx — ^That function of x which 
becomes u when differentiated with respect to x. 

ludx =/(x) + C. C being constant. 
Definite Integral I u . ^ar— The value of the indefinite inte- 

J a 

gral ludx between the limits x ^ a, and x ^ b. 

fudx =/W-/(4 

•'a 
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Formula for Immediate Integration* 

1. ^ (c.^.dx^C.u. 

J ax 

2. j{± u ± V ± w) dx =^ ± iudx ± Ivdx ± Iwdx. 



/(^-"£>=^-.- 



n + 1 



x^'dx^ 

J «+l 

5. l^-'^ogx. 



„ ^ 1 ^Except » = 1. 



X 

9 



6. LUx'^^. 

8; / anx dx ^ — cos x, 

9- / cos X dx =^ ain x, 

10. / sec^jT ^ar = tan x. 

11. Goaeo^xdx^ — cotar. 

r dx 
J V«2 — a:* 

13. /"(--^^^^^COS-'l. 



12. /^Jl_-sin-'l. 



^^ ^ = lcot-'i. 
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a 



sec — 



~1 X 

cosec - 



i JU 



dx —1 ^ 
= vers 



^2ax — ar2 « 

19. f ^^ = log (ar + Vars ± ««). 

20. f ,f! = - 1 log (t±:!Z±l\ . 

21. r_^ = ^iog^±^. 

^- f dx 1 ■, X — a 

J x* — a^ 2a X -t a 

23. j V?T^. ^^ = I '^^ ± «2 ± |-log (.r + '^^T^). 

24. j ^/ai — a^, dx ^^ 'Ja^ — a^ + ^ sin~ '^. 



26.) / Var2 + 2«;r . <?^ = "^^-^ V^r^ + 2flar 

^2 

— 5- log (ar + tf + Vip2 4- 2«ar). 



26. 



j V2flar — ar* . ^a: « ^ ^ ^ V2»a: — a^ 



flf2 . _ I ar — A 



+ - sin 



2 a 
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Formula for Integration by Substitution. 
Formula for Integration by Farts, 

2S. /(«g)<.*=.«.-/(.g).,. 

Formula of Reduction. 
Where a + bg^ « X. 

J m m J 



30. [gf^-^XP ax~^ 
J en 



ip + 1) in (p + 1) 



X 



31. /■*— ' X' dg - '^■^ - *('» + «/' + »') 
J am am 

/«:" + "-' X'dx. 

32. /"^r- - ' JT' rf.r = ^T'f V _ ^1=^1% ^ 
J 6(m + np) b (m + np) 

fx"-'-^ X' dx. 

33. /;r— ' X" dx = ^^ + ""^ x 



E 
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34. Isi^ ^ XP dx ^-^ — , , U + ^^f V\v X 
7 tf»QB + l) ^ a»(/? + 1) "^ 



/' 



GEOMETEY OF THREE DIMENSIONS. 

EECTANGULAK CO-OBDINATES. 

DEFINITIONS. 

I. A Plane, — (1) A surface in wl ich if any point be taken^ it 
is equidistant from two given points. (2) A surface generated 
by a straight line moving always parallel to itself^ and inter- 
secting a given straight line. 

II. Ckhordinate Planes, — ^Three fixed planes passing through 
the same fixed po nt called the origin of Co-ordinates^ and 
intersecting one another two and two in straight lines called 
the Axes of Co-ordinates. 

III. Projections of a Point. — The feet of the perpendiculars 
dropped from a proposed point upon the co-ordinate planes. 

IV. Traces of a Plane, — The lines in which a plane intersect 
the co-ordinate planes. 

V. Projection of a Line upon a Plane, — The locus of the projec- 
tions of every point in the line. 

VI. Trace of a Line upon a Plane. — ^The point in which the 
line meets the plane. 

y IL Projecting Plane,-^The plane which contains a proposed 
line and its projection. 
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General Notation, 

(^} y, z) denotes the point whose oo-ordicates are a^ y, z, 
X y denotes the plane of the axes of x and y. 
X z denotes the plane of the axes of x and z, 
y z denotes the plane of the axes of y and xr, 

Oy b, e, denote the portion .of the co-ordinate axes inter- 
cepted between the origin and a proposed plane. 
J, B denote the tangents of the angles at which the 
traces of a plane on xz, yz, are respectively in- 
clined to the positive parts of the axes of x and y. 

■ 

my n denote the tangents of the angles at which the pro- 
jections of a line on the planes xzy yz, are inclined 
to the axis of z, 

1. Distance of a point {x, y, z) from the origin 

2. Distance between two points {x, y, z) and (y, y, z') 

= V(^ - x'f + (y - /)' + (^ - ^y^ 

3. Equations to a plane, 

(1) z^ Ax + By-^-c, 

(2) - + ^ + - = 1. * 
a e 

4. Equations to a straight line in space, 

X =^ mz -{- a\ 

5. Equations to a plane passing through point {x'^ y', z'). 

z-^z' ^A(x--x') + B iy-y'). 

6. Equations to a straight line through {x\ y. /) and 

z — z 



lb — — A 

b2 



-z^A^-^]' 



52 OSiOHETBT OF THBEB DHOENSIONEU 

7. Condition of parallelism for a line and plane, 
Jm + Bn — l '^ 0. 

8. Conditions of coincidence for a line and plane, 
Am + 3n — l :^0) 

Aa -I- 5* + (? « J 

9. Conditions of perpendicularitj for straight line and 
plane. 



B + n 



-I) 



10. Inclinations a, /S, y, to the co-ordinate axes of a line 
through the origin, parallel to a given hne. 



cos o == *" 



Vl +«j2 


+ «» 


n 




Vl + ^2 


+ n^ 


1 





cos /3. = 



cosy = , 

Vl -^ »,2 ^ ,^% 

11. Inclinations a, /3^ y of a plane to the co-ordinate 
planes, 

— A 

cos a = 



cos/3 = 



cos y = 



Vl + ^ -f ir* 

— ^ 
'JT+^^~+ B' 

1 

Vi -f ^ + J52 



12. Angle ^, between two lines, 

cos ^ « = — 7-^- =-^r— ; 

Vl + w2 -f »" . Vl +«f'2 + «'« 

or, 

cos ^ a cos a cos a' + cos /3 cos /S' + cos y cos y'. 



QBOMISTRT OF THREE DIMENSIONS. 53 

13. Angle 6, between two planes, 

^/i + ja + i^^ Vl + >^ + >=« ' 
or, 
cos 6 = COS a cos a' + cos )3 cos /3' + cos y cos y, 

14. Condition of perpendicularity for two lines, 

mmf + ««' + 1 » 0; 

or, 

coso cos o' + cos)3 cos/y + cosy cosy' = 0. 

15. Condition of perpendicularity for two planes, 

or, 
cos a cos a' -|- cos iS cos ^9' + cos y cos y' = 0. 

16. Condition of two parallelisms for two lines or planes, 

cos o cos o' + cos /3 cos i9' + cos y cos y =s 1. 

17. Angle 6, between a straight line and plane, 

1 — Jm — Bn 



sin B 



Vl + m' + »2 . Vr+ A^ + Ji^ 

18. Distance of a point (af, /, /) from a plane 

" Vl4-"^+:53 

19. The shortest distance between two straight lines is the 
line perpendicular to both. 

20. The length of the projection of a limited line upon a 
plane, is equal to the length of the line multiplied by the 
cosine of its inclination to the plane. 

21 The length of the projection of a limited line upon any 
other line, is equal to the length of the line multiplied by 
the cosine of the angle between them. 
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22. The area of the projection of any plane surface up6Q a 
plane, is equal to the area of the surface, multiplied by the 
cosine of the angle between the planes. 

23. The square of the area of any plane surface is equal to 
the sum of the squares of the areas of its projections on the 
co-ordinate planes. 



SURFACES OF THE SECOND ORDEIU 

DEFINITIONS. 

I. Sphere, — The surface is such that every point in it is equi- 
distant from the centre. 

II. Cylinder, — ^The surface is generated by an indefinite 
straight line carried round the perimeter of a give^i curve, 
and always remaining parallel to a given straight line. 

III. Cone,^The surface is generated by an indefinite straight 
line carried round the perimeter of a given curve, and always 
passing through a fixed point. 

IV. Paraboloid. — The surface is generated by the revolution 
of a parabola about its axis* 

V. Spheroid, prolate or oblate,'-'The siurface is generated by 
the revolution of an ellipse about its major or minor axis 
respectively. 

VI. Hyjperboloid, — ^The surface is generated by the revolution 
of a hyperbola about one of its axes. 

VII. Ellipoid, — ^The surface is generated by a variable ellipse 
which always moves parallel to itself with its axes in two 
fixed planes at right angles to each other, and vertices in two 
ellipses in those planes, and having a common axis coincident 
with their intersection, i 

VIII. Hyperholoid of one or two sheets.'-The surface is gene- 
rated by a variable elupse which always moves parallel to itself 
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with its axes in two fixed planes at right angles to each other, 
and having its vertices in two hyperboUu in those planes 
having a common conjngaie or transverse axis respeeUvel^y co- 
incident with their intersection. 

IX Elliptic or hfperbolic paraboloid, — The sur&ce is generated 
by a parabola which, moves with its axis in a fixed plane to 
which it always remains perpendicolar, and parallel to the 
axis of another parabola along which its vertex moves ; the 
concavities of the parabolas being turned towards the same or 
opposite parts respectively. 



SUEFACES. 

24. Equation to the sur&ce of a sphere, radius r, co- 
ordinates of centre h, k, I, 

25. Equation to the surface of an oblique cylinder with 
circular base, 

(y — my s= 2r (a? — mz) — (a? — mzy. 

26. Equation to the surface of an oblique cone with cir- 
cular base, hy k, I co-ordinates of the vertex, 

(^kg - ly)2 « 2r (;? — {hz - h) — {hz — h)^. 

27. Equation to the surface of a paraboloid, latus rectum Aa, 

28. Equation to the surface of a prolate or oblate spheroid 
semiaxis of the generating ellipse a, b, 

29. Equation to the sorfaoe of a hyperboloid, 

_j ^ _ 1, or ^, _ ^ 
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30. Equation to the surface of an ellipsoid, 

^2 -1- ^ -t- ^ 

31. Equations to the surface of hyperboloid of one or two 
sheets (±) 

32. Equations to the surface of the elliptic or hyperbolic 
paraboloid (±), 

33. Tangent plane at point (se, y, z) of a sur&ce, 

34. Normal at point {x, y, z)^ 

35. Volume F of fl«y solid, 

36. Surface S of any solid, 
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NATUEAL PHILOSOPHY. 

STATICS. 

Statical Defiuitiofu, 

I. Statics. — That branch of mechanics which investigates 
the effects of force without reference to motion. 

IL Force. — ^Any cause which changes, or tends to change, 
a body's state of rest or motion. 

III. Elements of force, — Magnitude, direction, and point of 
application. 

IV. Resultant of two or more forces. — ^That single force, which, 
acting by itself, produces the same effect as those forces 
acting together. 

V. Components of a force. — Those forces which, acting to- 
gether, produce tne same effect as the single force. 

■ 

VI. ^F^^/.— That force which results from the earth's 
attraction upon a body. 

VII. Mass.^-^IhQ quantity of matter in a body, as indicated 
by its weight. 

VIII. Particle or material point. — A portion of matter so 
small that it may be considered to oe a point, without 
sensible error. 

IX. Inertia. — ^That property which matter possesses of 
resisting change from rest to motion, or conversely. 

X. Riffid body. — One that is, theoretically, incapable of being 
altered in its form or dimensions, by the action of any 
ordinary force. 

XI. Centre of parallel forces. — That point where the re- 
sultant of a set of parallel forces always acts, whatever be the 
directions of the forces. 

XII. Centre of gravity of a body or system of bodies. — That point 
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where the resultant of the weights of all the oomponent 
particles always acts, whatever be the position of the hodj 
or system. 

XIII. Moment of a force about a point or line. — ^The product 
of the number of units of force, and the number of units of 
length in the perpendicular distance fit the line of direction 
of the force from the point or line. 

XrV. Elasticity. — The tendency of matter to recover its 
original form and dimensions, after its component particles 
have been extended or compressed. 

XV. Tension. — ^The force which is transmitted along a 
string, chain or rod, when one end is pulled^ 

XVI. Tirust.—Uhe force which is transmitted through 
a rod, when one end is pushed. 

XVII. Cohesion or molecular attraction. — ^The resistance ofPered 
by particles of mailter to a force which tends to separate them. 

XVIII. Friction. — The force which is brought into action 
by the roughness of two bodies in contact. 

XIX. Lever.^A rigid rod, straight or bent, in which there 
is a fixed point or axis called the Fulcrum, about which it 
may freely turn in one plane. 

XX. Firtual velocity. — ^The space through which. the point 
of appHcation of a force is moved, in the direction oi the 
force, in consequence of a very small displacement. 



Statical Axioms, 

1. Any set of forces may be replaced by their resultant. 

2. A single force may be replaced by its components, 

3. The resultant of two or more forces acting on a particle 
in the same direction, is equal to their sum, 

4. The resultant of two forces acting on a particle in oppo- 
site directions, is equal to their difference, and acts in the^ 
direction of the greater force. 
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5. The direction of the resultant of two equal forces acting 
on a particle, at an angle to each other, bisects that angle. 

6. Two equal and opposite forces acting in the same straight 
line, on a particle, or on different points of a rigid bcSy, 
balance each other. 

7. If two forces balance each other, thej are equal and 
opposite. 

8. Any point of a free body may be supposed to become a 
tized point if it has no tendency to move. 

9. If two unconnected particles have no tendency to move 
towards or from each other, they may be supposed to become 
rigidly connected. 

10. Forces which balance each other may be removed or 
applied at pleasure. 

11. If several forces keep a body at rest, any one of them 
must be equal and opposite to the resultant of all the others. 

12. Equal forces, acting in the same or parallel planes 
on different points of a rigid body, exert equal efforts to turn 
it about a fixed point or axis from which the perpendicular 
distances of their directions are equal. 



Statical Principlest 
Action and reaction are equal and opposite. 

I. Principle of the transmission of force. — ^A force may be sup- 
posed to act at any point in its hne of direction, if that point 
be in apy way rigidly connected with the particle on whicli 
the force acts. 

II. Principle of the parallelogram of forces, — If two adjacent 
sides of a parallelogram represent the magnitudes and di- 
rections of two forces acting at a point, then the inter- 
mediate diagonal will represent the magnitude and direction 
of the resultant of the forces. 
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in. Theorem. — ^The algebraic sum of the moments of two 
forces about any point in the plane in which they act, is 
equal to the moment of their resultant. 

IV. Principle of the triangle of forces. — If three forces, acting 
at the same point, balance each other, they will be represented 
in ma^itude and dire(!tion, by the sides, taken in order, of 
any tnangle formed by lines drawn parallel to the directions 
of the forces : and conversely. 

V. Corollary to the principle of the triangle of forces.^-'lf three 
forces balance each other, they will be proportional to the 
sides of a triangle formed by lines perpenoicular to the direc- 
tions of the forces. 

VI. Principle of the concurrence of three balancing forces, — ^The 
directions, produced if necessary, of three non-parallel forces 
which act upon a rigid body and balance each other, must be 
in the same plane, and pass through the same point. 

VII. Principle of parallel forces. — ^The resultant of a set of 
parallel forces is equal to their algebraic sum ; and its moment 
with respect to any point in the same plane with them, or with 
respect to any line in a plane perpendicular to ftheir direc- 
tions, is equal to the sum of the moments of the forces about 
the same point or line. * 

VIII. Principle of the eauality of moments, — If a rigid body be 
kept at rest by any nUmoer of forces whose directions lie in 
the same or parallel planes, the sum of the moments of those 
forces which tend to turn the body in one direction about 
any point in that plane, or about any line perpendicular to 
those planes, is equal to the sum of the moments of those 
which tend to turn it in the opposite direction. 

IX. Principle of virtual velocities. — If a system of bodies, in 
equilibrium imder the action of any forces, be very sliahtly 
displaced, the sum of the products oi the forces and their 
respective virtual velocities is equal to zero. 
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GENERAL PROPERTIES OP THE CENTRE OF 

GRAVITY. 

1. A body, or system of bodies, has but one centre of 
gravity. 

2. A body, or system of bodies rigidly connected will 
balance in all positions about its centre of gravity, if that 
point be supported. 

3. The centre of gravity of a body must be in such a 
plane as divides it into two equal and similar parts. 

4. The centre of gravity of a suspended body must lie in 
the vertical line through the point of suspension. 

5. A body resting on any plane will stand or fall^ according 
as the vertical line through its centre of gravity falls toithin 
or without the base of the body. 

6. The centre of gravity, if it can move at all, always seeks 
its lowest possible position. 

7. The equilibrium of a body is stable or unstable, according 
as its centre of gravity is in its lowest or highest position 
respectively; and is neutral when the centre of gravity neither 
ascends nor descends upon the body being disturbed. 

8. Ouldinu^ properties—' 

(1) The surface generated by a curve line which revolves 
about a fixed axis, is equal to the product of the length of 
the line and the length of the path described by the centre 
of gravity of the curve. 

(2) The volume generated by a plane area revolving about 
a fixed axis in its own plane, is equal to the product of the 
area and the length of the path described by the centre of 
gravity of the area. 
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THE MECHANICAL POWERS. 

P denotes the applied or working power. 
W y, resistance to be overcome. 

„ mechanical advantage. 



F 



Levers, 

First order JF >< P. 

Second „ JF > F. 
Third „ JTk P. 

Straighi Lever, 

1. Directions of P and F" parallel 

P is to F' inversely as the arms, 

or, 

W _ a 
F ~ V 



Any Lever. 

2. P is to W inversely as the length of the perpendiculars 
from the fulcrum upon their directions, 

or, 

W _ p 
F - 'q 

Common Balance, 

3. Length = 21. Weight « JT, Centre of gravity G, 
Centre of siuspension C» 
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Measure of Sensibilify, 

CQ X r* 

False Balance. 

4. True Weight » %/ product of apparent weights. 

Wheel and Axle, 

5. P is to F' as the radius of the axle is to the radius of 
wheel, 

or, 

W_ „ ^ 
F " r' 

Wheel and Differeniial Axle. 

6. P is to F' as the difference between the radii of the 
axles is to the diameter of the wheels 

or, 

W ^ %R 

P " r — /' 

Combination of Wheels and Axles, 

7. P is to F' as the product of the radii of all the axles is 
to the product of the radii of all the wheels, 

or, 
W i^i . JZg • • • -^i» 



Jr ^1 . ^2 • • . ^ 



n 



Toothed Wheel 

W Ml product of the number of teeth in the wheels 
P rn product ofthe number of teeth in the pinions 
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Single Moveable Pulley ^ Slrings parallel, 

9. F^ = 2P. 

Single Moveable Pulley, Strings including an angle A, 

10. W ^ 2ooB - . P. 

2 



First system of Pulleys* 

11. The same string passing round n moveable pulleys, 

W - 2»P. 



Second system of Pulleys, 

12. Each of the n moveable pulleys hanging'^by a separate 
string, 

^ = 2» .P. 



Third system of Pulleys, 

13. Each of the n strings being attached to the weight, 

r = (2« — 1) P. 

Inclined Plane, 

14. Inclination of the plane = ^, 
inclination of P to the plane = 6, 

reaction of the plane = B. 

P (acting parallel to length) : W « height : length. 
P (acting parallel to base) : W « height. : base. 

r P cos d = F' sin A. 

General conditions S nr ^«„ > t> i n - a 

1 Jr cos A ^ E •{■ P Bin $. 



NATURAL PHILOBOFHT. 65 



The Screw. 

15. P i& to W aa the longitudinal distance between the 
threads is to the circumferenoe of the oirde desoribed by the 
point of application of the power, 

or, 

P d ' 



STATICAL formula:. 
Composition and Resolution of ForeeB, 

16. i22-i«+ ^ + 2PCcos^. 

sin ^ « ^ . sin ^. 
R 

17. Rectangular resolution, 

A = 90°. 
X — P cos d. 
r ^ P sin d. 

tan^ = r 

R'^ = (SX)a + (Sr)'- 
tan d' » — . 
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18. Triangle of forces, 

P:Q:R-^ a:b:c. 

Lamfs Theorem. 

19. P : Q : 22 = sin (Q, R) : sin (P, E) : sin (P, Q), 

20. General Conditions of Equilibrium of Forces in the same 

Plane, 

(1) 2(X) -0. 

(2) 2(7) =0. 

(3) 2(P.i,) = 2(Q.^). 

21. General Conditions of Equilibrium of Forces not in the 

same Plane. 

(1) 2 (X) = 0. 

(2) 2 {Y) = 0. 

(3) 2 (^) = 0. 

(4) 2 {Zif - Tz) = 0. 

(5) 2 {Xz — Zx) = 0. 
(6)' S.iYx — Xy) » 0. 

22. Parallel forces, 

(1) 22 = 2 (7). 

(2) i = ^J^. 
^ ^ 2 (7) 

23. Centres of gravity {G), 



Arc of Circle, 

CG « ^^^' ^ ^^*^' 
arc 
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Arc of Semicircle, 
2r 



24. CO « , 

IT 

TT 



25. Catenary. — See suspension bridges. 
Area of Triangle ACB . where AO ■■ BO. 

26. CG -, I CO. 

Area of Sector of Circle, 

27. ■ gg ^ 2 rad. X chd. . 

3 arc 

-^r^fl oj Semicircle. 

28. CG^^- 

3»r 



29. ^GJ = ? a?. 



-4n?flr 0^ Parabola. 

3 
6 



-r^rtffl ^ Semi-ellipse.'^ 
30. C^ = ^.*orw-- 

3 TT 3 IT 

Swfaee of a Cone. 
Vertex V. C. of G. of base C. 

31. rG=-\ra 

Surface of the Segment of a Sphere. 

32. G bisects the height. 

f2 
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Volume of a Cone or Fyramid. 

33. V(^^\ ^C. 

■ 

Volume of a Spherical Segment, 
Height h. Centre of base C. 

34. CO^\.^lL^. 

4 3r — A 



35. CG^\r. 



36. AQ = ^ . 3?. 



Volume of a Hemisphere. 

3 

8 

Volume of a Paraboloid. 

2 
3 



Volume of a Semi-prolate Spheroid. 



37. CG^^a. 



Volume of a Semi-oblate Spheroid. 



38. CO^^b. 



39. General fonniil» for the centre of gravity, 



-_%{mx) /" 
X , V or "7 

^ W / dm 



2 f ^ • M^m 



^- TW*"" 



jgd) 



/ 



dm 
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2 (mz) 



I zdm 



/ 



dm 



40. Def. Moment of Inertia (/).— The product of the mass 
of a particle into the square of its distance from a fixed axis, 

/ = 2 (mf^) or / r* dm, 

41. Def. Radius of Gyration (K), — ^The distance from the 
axis of that point where, if the whole mass (M) be collected, 
the moment of inertia is unaltered, J 

MK^ = /. 

42. Straight line about a pei'pendicular axis through its 
extremity, 

3 

43. Circular area about a perpendicular line through its 
centre, 

I=:M • 

•2 



FEICTIOK 



44. Laics of Friction. 

(1) The force of friction (Z^ is proportional to the mutual 
normal pressure (P) between the bodies in contact. 

(2) The force of friction is independent of the extent of 
the surfaces in contact. 

(3) The friction of motion is independent of the velocity. 

45. Def. Coefficient of friction (C). — The numerical quan- 
tity which expresses the ratio of the force of friction to the 
mutual normal pressure between the sur&ces. 
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46. Def. Angle of repose {6), — ^The greatest angle which 
a plane can make with the horizon, so that a eiven substance 
placed upon it^ will be prevented from sliding by friction only. 

tan ^ = (7. 

47. Def. Anfle of resistance («■ ^.— The greatest angle 
which the direction of a force can make with the common 
normal to the surfaces at the point of contact without causing 
the one to slide over the other. 



WOEK 

DEFINITIONS. 

I. fTork, — The union of a continued pressure with a con- 
tinued motion. 

II. Unit of Work. — ^The labour required to raise a weight of 
one pound through a space of one foot. 

III. Horse Power {HP), — The work expended in performing 
33000 units of work per minute. 

IV. Modulus of a Machine, — The numerical quantity express- 
ing the ratio of the work performed to the work applied. 

PRINCIPLES. 

(1) ''If a body be moved along any smooth sur£ikcey the 
work performed is the same as that due to the vertical height 
through which the body is raised.'* 

(2) " The work expended in raising material of given weight 
and form, is expressed by the product of the weight of the 
material and the vertical distance through which its centre of 
gravity is raised." 

(3) ^^EqwUity of work. — The resistance overcome by a perfect 
machine is equal to the work expended." 
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STRENGTH OF MATEEIALS. 



DEFINITIONS AND NOTATION. 

I. Froof Strength of Materials. The weight or pressure 
which will produce the areatest strain without destroying the 
tenacity of the material. 

II. Absolute or ultimate Strength of Materials.— The breaking 
weight or strain necessary to produce rupture. 

III. Load of Safety. — A load or pressure less than that of 
proof strength, assumed in practice to provide for unforeseen 
contingencies. 

IV. Coefficients of " Proof Strength" " Absolute Strength" and 
** Safety."— ConHi&nt quantities corresponding to the condi- 
tions of ** Proof Strength," " Absolute Strength/' and 
*' ^fety." They are determined experimentally, and depend 
upon the nature of the material 

y. Tenacity and Resistance to Compression. — ^The resistance 
of a material to rupture by extension or compression^ re- 
spectively. 

VI. Modulus of Elasticity. — The number of pounds required 
to double the length of a prism of one square inch seotional 
area, or to compress it to one half its lengthi 

« 

VII. Neutral Surface.^ThB,t layer of fibres in a solid body 
which is neither extended nor compressed \mder the action of 
a straining force, not in the direction of its axis. 

VIII. Neutral ^4?«>.— The intersection of the neutral surface 
with a given cross section of the body. 

IX. Neutral Line. — The intersection of the neutral surface 
with a plane which divides the body, in the direction of its 
length, mto two symmetrical portions. 
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Notation, 



W = straining pressure in pounds. 

A = sectional area of a prism or beam in square inches. 
/ s length of a beam or prism in inches. 
Borb = breadth of a rectangular beam in inches. 
I) or d = depth of a rectangular beam in inches. 

d/ — elongation or compression of a prism. 

/\ =: greatest deflection of a beam. 

C = coefficient of rupture or absolute strength referred 
to 1 lb. and 1 square inch. 

H — modulus of elasticity. 

Rupture by Extension or Compression, 

48. W=^C.A, 

» 

Rupture by Transverse Strain, 
Beam fixed at one end and loaded at the other. 

49. Solid rectangular beam, 

50. Solid cylindrical beam, 

51. Hollow rectangular beam, 

52. Hollow cylindrical beam, 

4RI 
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Beam fixed at one end, and uniformly loaded. 
53: Solid rectangular beam, 

^-^'-37- 

54. Solid cylindrical beam/ 

55. Hollow rectangular beam, 

JT^ C ^^ — ^^^ 

ZDl ' 

66. Hollow cylindrical beam, ' 

Beam supported at both ends and loaded in the middle. 

57. Solid rectangular beam, 

31 

58. Solid cjlindrical beam, 

69. Hollow rectangular beam, 

ZDl 
60. Hollow cjlindrical beam, 

'^"^- — Ri — 



74 ST^^BNGTH OF MATBRIAU3. 

Beam supported at both ends and uniformly loaded. 

61. Solid rectangular beam, 

4b(P 



W 



3/ 



62. Solid cylindrical beam, 

63. Hollow rectangular beam, 



4(BU^-^bcP) 



64. Hollow cylindrical beam, 



Ml 



Beam supported at both ends and loaded at a distance p 

from one end. 



65. Solid rectangular beam, 



r= C. 



Qpil-p) , 

66. Solid cylindrical beam, 

67. Hollow rectangular beam, 

QDp(l^p) 

68. Hollow cylindrical beam, 

W ^ C ^ (^ — ^) ^ 

* 4ltp(J--p) ' 
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Rupture of Cylindrical Columns by bending. 

Hodgkinson's empirical formuliB. 
Pressure in direction of length. Ends flat 

R, r expressed in inches. 
/ expressed in feet. 
W expressed in tons. 

69. Cast-iron, solid, 

W = 44-1 i^^^V- . 

70. Cast-iron, hollow, 

(2iZ)'-'-(2rr . 

^ ^^^ 11.7 

71. Wrought-iron, solid, 

(2r?'^ 
W - 133-6 ^-=^ . 
l^ 

72. Dry red deal, solid square, 

Hookas Law. 

73. "The extension of elastic strings or rods is pro- 
portional to the tension," 

Wl 



«/ = 



EA 



Deflections. 

74. Beam supported at both ends and loaded in the 
middle, 

^ 48 J?./* 



n 
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75. Beam supported at both ends and loaded uniformly, 

5^/3 



A = 



384 jF./ 



76. Uniform beam, weight Wy fixed at one end, and 
strained at the other, 



77. 'Rewoifi^xed at both ends and loaded in the middle. 



A = 



192 EJ 



78. Beam fixed at both ends and loaded uniformly, 

^ 384 E /I 
Values of I in the foregoing expressions for ^. 

79. Solid rectangular beam, 

r_bd^ 
J. — — - • 
12 

80. Solid cylindrical beam, 

4 

81 . Hollow rectangular beam, 

BD^-^bd^ 



/ = 



12 



82. Hollow cylindrical beam, 

4 
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RESISTANCE OF CYLINDERS AND SPHERES. 

p ss internal pressure in lbs. per square inch. 

C a coeffioient of resistance. 

i = thickness of the metal. 

r B radius of the cylinder or sphere. 

Interior Surface of a Cylinder. 

83. j»«C-. 

r 

Base of a Cylinder , or Interior Surface of a Sphere. 

84. p^c(^ + i)\. 



EOOFS. 
EXPLANATION OF TERMS. 

I. Trussed Roof — A rigidly connected framework of wooden 
or iron beams, trussed or tied together. 

II. Principal Rafters. — Inclined beams in vertical planes, 
trussed together ; meeting at the top of the roof, and support- 
ing the covering. 

III. Common 22d^«r«.— Intermediate rafters resting on hori- 
zontal beams called purlins, 

IV. Tie Beam. — The beam which connects each pair of 
principal rafters at their base. 

V. Stays.— CroBB beams connecting the principal rafters at 
intermediate points to prevent them from bending. 

VI. Kinff Post. — A vertical beam connecting the tie beam 
with the vertex of the rafters. 



78 THE ARCH. 

VII. Queen Posts. — Vei'tical beams or rods connecting the 
tie beam ^ith the principal rafters at intermediate pointo. 

VIII. Struts, — Inclined beams connecting the foot of the 
king post with the principal rafters at intermediate points. 

DISTRIBUTION OF LOAD. 

W W 

1st method. — at ^ ; -^r- at C and F. 

I 4 2S 

2d method. — at B and C \ - W dX F, 
3 3 ' 

where W— weight of the roof supported by the rafter By C, F. 



THE AECH. 
EXPLANATION OF TERMS. 

I. Foussoirs. — Component parts of the arch, in the form of 
truncated wedges, supported by their mutual pressures. 

II. Joints, — The surfaces between the voussoirs. 

III. Keif Stone, — The highest voussoir in the arch. 

IV. Crown. — The summit of the keystone, 

V. Piers or Abutments. — Fixed surfeces supporting the 
lowest voussoirs in the arch. 

VI. Beins or Haunches, — The portions of the arch on each 
side of the crown. 

VII. Springing Lines. — The lines or beds below the reins at 
which the arch begins. 

VIII. Span. — The breadth of the arch between the spring- 
ing lines. 
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IX. Surcharge. — The superinoumbent load of earth or 
masonry. 

X. Intrados. — The interior outline of the arch. 

XI. Extrados, — ^The exterior outline of the arch. 

XII. Line of Resistance. — The line which joins all the 
resisting points of the resultant pressures upon the con- 
tiguous sur&ces of the youssoirs. 

XIII. Line of Pressure. — The line which joins all the con- 
secutive intersections of the resultant pressures upon the 
joints of the youssoirs. 

Conditions of Stability of the Arch. 

85. (1) That no two portions of the arch may revolve on the 
edges of their common surface of contact ; the line of resistance 
must lie between the intrados and extrados. 

(2) That no two surfaces of contact may slide on each 
other, the angle between the line of pressure and the common 
normal to the surfaces must be less than the angle of repose. 

86. Rule for finding the Centre of Gravity of a mass of the 
arch intercepted by vertical planes through the point of rupture 
and highest point. — Let y^y^ ' » ' Sfn be the vertical distances 
between n consecutive points in the intrados or extrados, 
the abscissa of which measured on a horizontal line from the 
point of rupture have a common difference = d. 

Then 



d{yi + (3/^ - l)y„ + 6 (^2 -f- 2^3 + 35^, + ...} 

% ^mm .... , __. . 



X = 



87. Rule for finding the point of rupture. — Let H be the 
highest point of the extrados ; R the assumed point of 
rupture ; the centre of gravity of the mass between 
R and H. Let the horizontal line HAS cut the vertical line 
AGC in A. Take ^ C to represent the units of weight in the 
mAaa RH. Complete the rectangle 5^(7 J9. Then 72 will be 
the point of rupture if the diagonal AD produced touches the 
intrados at R. 
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SUSPENSION BEIDGES. 

Dep. Catenary. — The curve assumed by a chain suspended 
by its extremities from two fixed points. 

Lowest point of the curve, the origin. 

Tangent at that point, the axis of x, 

2 / = horizontal distance between the points of attachment. 

2/$^ = whole length of the chain. 

a = length of a portion of the chain whose weight repre- 
sents the tension at the lowest point. 

J as length of a portion of the chain between the origin 
and point (xy), 

2 ttJ = weight of the chain. 
88. Equations to the catenary, 

(1) y-K*^" -«"«-)'• 

% X 



(2) * = I («» -e 'Y 



Tension (T) at any point. 

89. T = J . w. 

IS 



Inclination {&) of the catenary to the vertical at any point. 



90. cot ^ — 2 



^\V-e «). 
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Relation between the length of the Catenary and the depth (2>) of 
its lowest point below the points of attachment. 

91. S = slD{I) + i a,) 



Centre of Gravity, 



DYNAMICS. 
DEFINITIONS. 

I. Dynamics, — That brancli of mechanics which investigates 
the different kinds of motion produced by forces. 

II. Velocity or Rate of Motion. — The number of units of 
space described by a body in a unit of time. 

III. Rate of Acceleration. — ^The velocity generated in a unit 
of time by the continued action of a force. 

IV. Units of Time and Space,—! second and 1 foot. 

V. Mass, — The quantity of matter in a body as indicated 
by its weight. 

VI. Unit of Mass, — A body weighing g lbs. g being the rate 
of acceleration due to gravity. 

VII. Momentum or Dynamical Effect, — The effect of a force 
with reference to its time of action. 

G 
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VIII. Centripetal Force. — A force which tends to draw a 
body towards the centre of a circle in which it is constrained 
to move. 

IX. Centrifugal Force, — ^The outward reaction tending from 
the centre of a circle in which a body is constrained to move. 

X. Vis viva of a particle. — The product of the mass of a 
particle into the square of its velocity. 

XI. Centre of Oscillation. — ^That point in a pendulum at 
which the whole mass might be collected without altering 
the time of oscillation. , , 

XII. Centre of Percussion. — That point where an impulsive 
force may strike a body, having a fixed axis, without pro- 
ducing any pressure upon the axis. 



DYNAMICAL PRINCIPLES. 

■ 

1. Parallelogram of Velocities. — If two adjacent sides of a 
parallelogram represent the magnitude and direction of two 
velocities with which a particle is simultaneously animated, 
then the intermediate diagonal will represent the magnitude, 
and directi(m of the resultant velocity. 

2. First Late of Motion, — If- a body is not acted upon by 
any force it will remain at rest ; and if in motioi^, it will 
continue to move uniformly in the same direction. 

3. Second Law of Motion. — If any number of forces act 
simultaneously upon a body at rest or in motion, each force 
produces the same effect in the direction of its action, as- if 
it acted singly on the body at rest. 

4. Third Law of Motion. — The velocity generated in any 
time by a force continually acting upon a body, is propor- 
tional to the force. 

5. Motion along an inclined plane or curve. — ^The velocity 
acquired by a body acted upon by gravity whilst ascending 
or descending a smooth straight or curved line in a vertical 
plane, will be the same as if it ascended or descended freely 
through the same vertical space. 
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6. Isochronous Chords. — ^The time of desoent doi^n any 
chord of a circle drawn from either eztromitj of a vertical 
diameter, is equal to the time down that diameter. 

7. Conservation of the Motion of the Centre of Gravity. — The 
common centre of gravity of any number of free particles 
acted upon by any forces, moves in the same manner ^us if 
the particles were concentrated in one bodv and acted upon 
b^ the same forces, in directions parallel to their actual 
directions.. 

8. D^Akmberfs Principle, — When a system of material par- 
ticles, rijridly or otherwise connected, is in motion under the 
action of any finite forces, the externally impressed moving 
forces will together with the effective moving forces on the 
same particles, applied in directions contrary to that in which 
they act, satisfy the conditions of statical equilibrium. 

9. Fis Fiva,— The vis viva of a connected system is, at 
any time, the same as if each particle, being free, had been 
acted upon by the same impressed forces through the same 
spaces. 

10. Laws of Gravitation,^l) The force of gravity on a 
bodv exterior to the earth's surface, is inverse^ proportional 
to the square of its distance from the earth's centre. 

(2) The force of gravity on a body leithin the earth's 
surface, is directly proportional to its distance from the earth's 
centre. 



DYNAMICAL FORMULA 

General Notation. 

W « weight of a body. 

M « mass of a body. 

F « velocity of a body mo^ng uniformly ; 
or the mitial velocity of a projected body. 

V n velocity acquired by a body moving with an accelerated 
or retarded motion. 

02 
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8 = Space described by a body in time t 

f » rate of acceleration due to a pressure (P) continually 
applied to a body. 

g 3s rate of acceleration due to gravity ; 
== 32'2 nearly, at Greenwich. 



1. Composition and Resolution of Velocities. — Employ the 
statical formulae, substituting velocity iov force. 

2. « = Vt. 

3. V ^ft. 

5. »2 = 2/*. 

6. t? = V ±ft. 

7. s^rt ± 1m 

8. ©2 ^ F2 ± 2fS, 

For falling bodies, f = g = 32-2. 

9. For bodies projected vertically upwards, attaining the greatest 

height (H) in time {T), 

64-4 
32-2 
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10. M=^ —. 

9 

11. P-^Mf. 

12. Momentum = Mv =^ PL 

» 

13. P\W ^f\g. By the third law of motion. 



PROJECTILES, 
14. Equations of motion, 



X ^ VtQOf^A •\ (1) 

y^ FtBinA^lgt^ C (2) 



15. Equation to the parabolic path, 

y ^ X tan A - 



2 ^2 0082^ 



16. Horizontal range (JS), 



Zr2 

R^ -sin 2^. 



17. Time of flight (T), 



T = — sm A. 



18. Greasiest height (J7), 



11^ ^ sin2 A, 
^9 
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19. Latus rectum (L), 

L = 008^ J. 

y 

20. Altitude of the directrix, 

r 

21. Actual velocity at any point, 

22. Inclination to the horizon {fi) of the body's direotion 
at any point, 

tan ^ = tan A — x, 

23. Velocity of a cannon ball (F), 

V = 1600 fj^ 

where j9, w are the weights of the powder and ball respectively. 

SIMPLE PENDULUM. 

24. (Length / inches : Time of oscillation T.) 



r = TT /w/i . 

^ 9 



CENTRIFUGAL FORCE (JP), 



25. F^Z , 'L . 
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26. 



IMPACT ON A FIXED PLANE. 

Angles of iiQcidence and reflexion, A^ 6. 

Velocities before and after impact, F, v. 

Modulus of elasticity, e. 



r sin ^ = F sin J 
V cos 6 nm eF COS A 



} 



27. 



28. 



tan ^ s -. tan J. 
e 



V ^ F Vsin* J + (^ COB* A. 



COLLISION OP BODIES (M^, M^. 



29. Whole momentum before impact 
momentum after impact ; 

or. 

Velocity of separation after impact 
Velocity of approach before impact 

or 



To — Vi 



whole \ 






//^ ir 



(1) 



(^) 



30. 



r. 



itfi Ti + J/g To ~ g M^ (Fi — r^) 



31. 
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HYDROSTATICS. 



DEFINITIONS. 



I. Fluid, — A body which can be divided in any direction, 
and its particles moved among each other by any force how- 
ever smalL 

II. ffydrostaiics. — ^feie effects of force considered in re- 
ference to its action upon fluids at rest. 

III. Hydrodynamics, — The effects of force considered in 
reference to its action upon fluids in motion. 

IV. Elastic Fluids. — Fluids whose volume can be increased 
or diminished by the removal or application of external 
pressure. 

V. Non-Elastic Fluids. — Fluids which undergo no sensible 
change of volume when the pressure upon them is increased 
or diminished. 

VI. Pressure at any point of a Fluid. — The pressure which 
would be exerted on a rigid plane passing through that point. 

VII. Measure qf Fluid pressure at any point. — The pressure 
which the fluid would produce upon a unit of area if the 
pressure on every point of it were the same as at the pro- 
posed point. 

VIII. Density of a Substance.— ThA mass of a unit of its 
volume. 

IX. Specific Gravity. — ^The numerical ratio of the weights 
of equal volumes of any given substance and distilled water 
at temperature 60° Fahr. 

X. Plane of Floatation. — The plane in which the surface of 
a fluid cuts a floating body. 
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XI. Metacentre. — The point in which a line ditiwn through 
the centres of gravity of a floating body and the fluid displaced 
by it, is intersected by a vertical line through the centre of 
gravity of the fluid displaced by the body after it has Veen made 
to revolve through a very smallfLn^e in a given vertical plane. 

XII. Centre of Pressure,— ThaX point of a plane surface 
immersed in fluid, where the resultant of the fluid pressure 
may be supposed to act. 



HYDROSTATICAL PRINCIPLES. 

1. Fluids press equally in aU directions. 

2. The pressure at any point in the interior of a fluid 
at rest is prof^ortional to the depth of that point below the 
surface. 

3. The surface of a fluid at rest is a horizontal plane. 

4. If any number of vessels containing fluid at rest com- 
municate with each other, the surfaces of the fluids in all the 
vessels will be at the same level. 

6. The whole downward vertical pressure of a fluid on.any 
sui'face is equal to the weight of the superincumbent volume 
of fluid. 

6. Hydrostatic Paradox, — ^Tho pressure of a fluid on the 
horizontal base of the containing vessel depends only upon 
the area of the base and its vertical depth below the surface 
of the fluid, and not upon the form and volume of the 
containing vessel. 

7. Normal Pressure. — The whole normal pressure of a fluid 
upon a surface immersed in it, is equal to the weight of a 
column of the fluid, having its base and height respectively 
equal to the area of the surface, and the depth of its centre 
of gravity below the sur&ce of the fluid. 

8. Resultant Horizontal Pressure, — The horizontal pressures 
upon the surface of a vessel containing fluid, or upon the sur- 
face of a body immersed in it, counteract each other ; or their 
resultant is equal to zero. 
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9. Eesultant Vertical Pressure. — (1) The resultant of the 
vertical pressures of a fluid on a body immersed in it, is equal 
t6 the weight of the fluid displaced, and acts vertic^ly 
upwards through its centre of gravity. ^ 

(2) The vertical pressure on any portion of the interior 
surface of a vessel containing fluid, is equal to the weight 
of the superincumbent volume of fluid. 

10. Conditions of Equilibrium ofafioatina body. — The weight 
of the body is equal to that of the fluia displaced, and the 
line joining their centres of gravity is vertical. 

11. Conditions of Equilibrium of a body suspended in fluid. — 
The diflerence between the true and apparent weights of the 
body is equal to that of the fluid displaced, and the centres 
of gravity of the body and the fluid displaced by it lie in 
the same vertical line with the point of suspension. 

12. Stable, Unstable^ and Neutral Equilibrium. — The equili- 
brium of a floating body is stable, unstaile^ or fieutral, according 
as its centre of gravity is below, dbove^ or coincident with the 
metacentre. 

13. When two fluids meet in a bent tube, the altitudes of 
their sur&ces above the horizontal plane in which they meet 
are inversely as their densities. 

14. Boyl^s and Mariotte's Law. — The pressure exerted by 
an elastic fluid at a constant temperature^ is inversely as the 
space it occupies. 

15. Gay Lussa^s and Lalton^s Law. — ^The pressure upon an 
elastic fluid being constant, the space it occupies is propor- 
tional to the temperature. 

16. When a fluid, considered incompressible, flows through 
a tube of any form, and kept always full, the velocities of the 
flaid at any two points are inversely proportional to the areas 
of the transverse sections of the tube at those points. 

• 

17. The velocity with which a particle of incompressible 
fluid issues through an indefinitely small orifice in the con- 
taining vessel, is equal to that which it would have acquired 
by falling perpendicularly from the level of the fluid to that 
of the orifice. 
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FOBMULiE. 

General Notation, 

iff s weight of a unit of Tolume of distilled water. 
IT ^ true weight of a solid in vacuo. 
T ^ apparent weight of a solid in any fluid. 
F = volume of a solid or fluid. 
1) == density of a solid or fluid. 
S = specific gravity of a solid or fluid. 

z = depth of the centre of gravity of a surfeuse A 
immersed in fluid. 

1. W^gLV, 

2. r = wSF. 

3. Whole normal pressure on A, 

= wS. A . z. 

4. Vertical downward pressure on A, 

» weight of the superincumbent volume of fluid. 

5. Resultant vertical pressure on a solid body volume F, 

=^wS . F 

6. Equilibrium of a floating body^ , 

W.^w.S.F 

7. Equilibrium of a suspended body, 

V-^T^w.S.F 
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SPECIFIC GRAVITIES. 

8. A solid heavier than water, 

9. A solid lighter than water, 



S 



^,/ _ ^T„ _ (^/ _ ^/) 



10. Comparison of two fluids, 

S _ W—T 
S' ~ fF—r 

11. Common hydrometer, 

12. Specific gravity of a compound, 

13. Specific gravity of air, 

flask of air — flask exhausted 



S^ 



flask of water — flask exhausted 



The Barometer. 

Pressure of the atmosphere (U). 
Weight of a cubic inch of mercury (m). 
Difference of levels of the mercury (A). 
14. n = mh. 
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15. Diflference of altitude measured in feet of two places, 

g ' \og€ ' 
Where »Jl = 916*2724 nearly. 

Air Pump. 

16. Density of air in the receiver after n strokes, 



CENTRE OF PRESSURE. 



General Formula. 



17. 



X — 



2 (ax) 



or 



-^ S {axy) 
^ S {ay) 



or 



7 I a^ dx dy 
I ixdxdy 

/ jxydxdy 
/ X dx dy 



The axis of y being 
the intersection of 
the area and the 
/ surface of the fluid. 
The axis of ^ in the 
plane of the area. 



18. Rectangle^ abscissae of ends h, k, 



^=3 



P — h^ 
k^ — h^ 



19. Rectangle, just immersed, 



^ = - X immersed side. 
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20. Circular area, just immersed, 

- 5 

.r = 7 ^' 
4 



EFFLUX OF FLUIDS 

Through a very small orifice. 

21. Velocity at' orifice (v), 

22. Time of emptying {(), 

•^ ^ ^J%gz 
Where a = area of the effective orifice or vena coniracta 

= '^ X the orifice, 
8 

Z (=/(2^)) = area of the descending surface, 
and i the depth of the orifice below the descending surface. 

23. Cylindrical vessels, 

24. Conical vessel, . 

5« ^ 2^ 



25. Segment of a sphere, 

a \Z 5 / V 2<7 
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REVETMENT WALLS. 

Dep. I{£Betmni walL^K wall sustaining the pressure of 
earth or any loose material. 

Def. Angle of natural slope.— HhQ inclination to the horizon, 
of the natural line of slope of a material. 

Pressure on a revetment toall, 

6 



w 



tan« (" 45° - I > . ^"^. 



Where w = weight of a cubic foot of the material; 
6 — angle of natural slope. 



OPTICS. 
DEFINITIONS. 

I. Medium. — Any substance which allows the transmission 
of light. 

II. Ra^. — The smallest portion of light, considered as a 
straight line, which can proceed in any direction. > 

III. Pencil of Rays. — An assemblage of rays proceeding 
from a luminous point or origin of light. 

IV. Divergefit or convergent Rays. — Rays which meet in a 
point when produced in a direction contrary to, or tJie same as 
that of propagation respectively* 

V. Parallel Rays. — Rays supposed to come from a point 
infinitely distant. 
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YI. Angles of Incidence, Reflexion^ and Refraction, — The angles 
which a ray makes with the normal to the surface at the 
point of incidence before and after it is reflected or refiactedy 
respectively. 

VII. Critical Angle. — The greatest angle of incidence which 
a ray can have in passing from a denser to rarer medium 
without being internally reflected. 

VIII. Firtual 72fly.— The apparent direction of a reflected 
ray. 

IX. Refractive Index. — The ratio of the sines of the angles 
of incidence and refraction. 

X. Geometrical Focus. — The limiting position of the points 
in which the rays of a reflected or refiucted pencil cut the 
axis of the sur&ce on which it is directly incident, when the 
breadth of the pencil is indefinitely diminished. 

XI. Principal Focus. — ^The geometrical focus of a pencil of 
parallel rays. 

XII. Focal length of a Surface. — The distance between the 
surface and the principal focus. 

XIII. Aberration. — The distance between the point of iij- 
tersection of a reflected or refracted ray with the axis of the 
surface, and the geometrical focus. 

XIV. Conjugate i^o^??.— The Origin of a pencil of incident 
rays, and its Geometrical Focus — considered as convertible. 

XV. Deviation of a Rag.— The angle between its direction 
after reflexion or refraction, and its original direction 
produced. 

XVI. Prism — A portion of a refracting medium bounded by 
two plane surfaces terminating in a common line called the 
edge of the prism, and including an angle called the refracting 
angle of the prism. 
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XYII. Lens. — ^A portion of a refracting medium bounded 
by two spherical surfaces having a common axis called the 
axis of the lens. 

XVIII. Description of Z«ww.— Double convex ; double* con- 
cave ; convexo-plane ; ooncavo-plane ; plano-convex ; plano- 
concave ; convexo-concave ; concavo-convex. light supposed 
to be incident on the first-named surface. 

XIX. Optical centre of a Lens. — ^The point where a ray which 
suffers no deviation by refraction, cuts the axis of the 
lens. 

XX. Focal letMik of a Lens, — ^The distance of its principal 
focus from the lens. 

XXI. Ima^e of a Luminous Object. — The locus of the geome- 
trical foci of pencils of rays proceeding from the several points 
of the object ; each focus supposed to be formed in tne line 
drawn from the correspondmg point of the object through 
the geometrical centre of the mirror, or through the optical 
centre of the lens. It is Real or Virtual according as it is 
formed by Real or Firtual rays. It is Erect or Inverted accord- 
ins as the object and its image are or are not on the same 
side of the axis of the mirror or lens. It is Distorted when 
the distances from the axis, of corresponding points in the 
object and its image are not in an invanable ratio. 

XXII. Lonff and Short Sight. — Defects caused \>j too great 
flatness and convexity respectively, of the refractmg surfaces 
of the eye. 

XXIII. Magnifying power of a Lens. — The ratio of the visual 
angle of an image seen through the lens, to that of the object 
itself in the position of the image and viewed directly. 

XXrV. Magnifying power of a Telescope. — The ratio of the 
visual angle of the image formed by the telescope, to that of 
the object viewed directly. 
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OPnCAL PRINCIPLES AND EESULTS. 

1. Light falling upon the surface of a medium is generally 
divided into three parts, viz. (1) a part irregularly dispersed 
over the surface; (2) a part regidatly reflected; (3) a part 
regularly refracted, 

2. Lam of Be/lesion, — ^The angles of incidence and reflexion 
are eqiud ; and the incident ana reflected rays lie in the same 
plane with the ' normal at the point of incidence, and on 
opposite sides of it. 

3. Law of Befraetiotu — The sines of the angles of incidence 
and refraction nave, the same ratio for the same kind of light 
and media ; and the incident and refracted rays lie in the 
same plane with the normal at the point of incidence, and 
on opposite sides of it. 

4. A pencil of parallel rays consists of parallel rays after 
reflexion or refraction at a plane surface. A pencil of divergent 
or convergent rays consists of divergent or convergent rays 
respectively, after reflexion or refraction at a plane sur&ce. 

5. A pencil of rays parallel to the axis of a paraboloid con- 
verges to the focus after reflexion at its surface. A pencil of 
rays diverging from or converging to a focus of a spheroid, 
will converge to or diverge from the other focus, after 
reflexion at its surface. 

6. Principle of Hadley*sSea;tant. — The deviation of a ray after 
successive reflexions at two plane mirrors, is equal to twice 
the angle between the mirrors. 

7. The axis of a pencil which passes through a prism or lens 
denser than the surrounding medium, is turned from the 
edge : and conversely. 

8. If the refracting angle of a prism is greater than twice the 
.critical angle of its substance, a pencil cannot pass through 
it, but i8 internally reflected. 
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9. A concave lens diminishes the convergenoy or increases 
the divergency of a pencil of rays. 

10. A convex lens increases the convergency or diminishes 
the divergency of a pencil of rays. 

11. Formation of Images, 

Convex Mirror, — Image small, erect, behind the mirror, 
between it and the principal focus. 

Concave Mirror, — (1) Image small, inverted, between the 
centre and principal focus, when the object is ^rther from 
the mirror than its centre. (2) Image magnified, inverted, 
and further from the mirror than the centre, when the object 
is between the centre and principal focus. (3) Image mag- 
nified, erect, and behind the mirror, when the object is 
between the principal focus and the mirror. 

Convex Lens, — (1) Image on the opposite side of the lens, 
inverted, and at distance greater than the focal length, when 
the distance of the object from the leus is greater than its 
focal length. (2) Image erect, and on the same side of the 
lens as the object, when the object is between the lens and its 
principal focus. 

Concave Lens, — Image small, erect, on the same side of the 
lens as the object, and between the lens and its principal 
focus. 

12. Defective sight, its remedies, — Short sight requires a con- 
cave lens ; long sight a convex lens. 

13. Dispersion of light. Prismatic colours, 

Newtofis Spectrum, 

(Least refracted) Red. 

Orange. 

Yellow. 

Green. 

Blue. 

Indigo. 
(Most, refracted) Violet. 
H 2 
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Brewstef^s Spectrum, 

PfilMABT COLOUBS. SbGONDABT CoLOUBS. 

Bed. Orange. 

Yellow. Green. 

Blue. Violet. 

OPTICAL FOBMULiE. 



General Notation. 

A = angle of incidence. 

B — angle of refraction. 

fi == the refractive index. 

r =■ radius of a reflecting or refracting surfsu^e. 

u = distance of the origin of light from the surface. 

V = distance of the geometrical focus „ „ 

{u, V positive in direction contrary to that of incident light). 

/ = the distance of the principal focus from the sur- 
^ face ; and the focaf lengtli of a lens. 

t = thickness of a plate or lens. 

/ = illumination at any point of a siuf ace, at a distance 
{d) from the origin of light. 

1. I => C , ^ — . (Ca constant). 

'^ sm^ 

Reflexion, 

Plane surface. Direct or oblique incidence. 
3. V ^ — u. 



10. 
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Spherical eur&oe. 


Direct incidence. 




2 

■ — • 

r 




r 
2 




1 

7* 
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4. 



6. 



6. 

7. («-/)(t^-/)-A 

8. Aberration — t?' — «. 

1\« 



(---y 

\r ut 



^ 



1\» f 



Parabolic surfiMse. 



9. i+l-l 

2? ff a 



Spherical surface. Oblique incidence. 
1 + 1. 8 . (I) 

1 l_2ooe^^ 



Plane surface. Direct incidence. 

11. 9 — /A. ff. 
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Plane sur&oe. Obliqiiie incidenoe, 

Vi u 

at ^ I -0. (8) 

Spherical surfaoe. Direct inddeiioe. 

a7 » 



12. 



la. 



14. /= — ^. r/ 

15. Aberration = 9' — t?, 

1\» 



ft / ;t — 1 iy\r ^ « /2 

Spherical surfaoe. Oblique incidence, 
/i cos* B coB^ A _ fb cos 6 — cos A ... 



16. 



Vi u r 

fb 1 __ ft cos ^ — cos A 

Combined Eefractions. 

17. Critical angle = sin 7 • 

Befraction through n parallel media. 

Plate. 
19. p « « H 



(2) 
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20 Aberration = i?' — r. 



21. 



22. 



23. 



26. 



©' — -C mm 



ft* " «' ' 2 



Plate. Oblique incidenoe. 

* ft 008 d ^^ 

Prism. (Befraoting angle » i.) 

i''J'± 6. (1) 

sin ^ a ft sin 6, (2) 

sin ^ ■= ft sin A'. (3) 

Deviation - ^' — ^' ± (^ — 6) (4) 



{ooss ^ oos> 6' 
Vt 3" = — • I . M, 



Lens. Direct refraction. 



(I) 
(«) 



24. l_i-(,-l)(l_l)_£(l + MZll)' 

25. i—i -0* — 1)(1_1). If/ = 0. 



Or, 
1__1 1 
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27. Aberration = »' — ©. 

Lens. Oblique refraction. 

1 I ft COS 6 — ooa J fl 1\ 

Vi u™ cos* A \r si ^ ^ 

L_l=0«oosfl-o(»J)(i_h. (2) 

Sphere. Direct refraction. 

29. i_.l--2^iz:i = i 

» « V^r f 

r, Uy/ measured from the centre of the sphere. 

Combined Lenses. 
^1 « "7i * 



28. 



30. 



1 



31. 



32. 



Condition of Achromatism, 
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Ikterminafion of the Focal Length of a Lena by experiment 




minimum (1) 

•-t? . (2) 



34. Concave Lens, 

1 I _ 1 
7 "? / 



Astronomical Teleacope, 

oe iiiT XL^ ' focal length of object glass 

36. Magnifying power — -5 — , , ^_^. . '' — ^ 

"^ ^ ^^ focal length of eye glass 



ASTEONOMY. 
DEFINITIONS 

I. Celestial Sphere. — The imaginary spherical surface by 
which space is apparently bounaed, the eye of the spectator 
being the centre. 

II. Secondary Circles, -^QreeX circles perpendicular to the 
plane of a given circle. 

III. Zenith and Nadir, — The points in which a plumb-line 
at any place, produced indefinitely, may be supposed to meet 
the celestial sphere above and below that place respectively. 
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IV. N(yrth and South Poles, — ^The points in which the earth's 
axis produced both ways meets the celestial sphere. 

V. Visible Horizon of a place on the Earth^s Surface, — The 
boTUidary of view at that place, as determined by tangents to 
the earth's surface, passing through the eye of the spectator. 

VI. Dip of the Horizon, — ^The angle of depression of the 
visible horizon. 

VII. Sensible Horizon, — A plane touching the earth's surfiace, 
and bounded by the celestial sphere. 

VIII. Bational Horizon, — A plane passing through the earth's 
centre and parallel to the sensible hoiizon. 

IX. Terrestrial Equator, — The great circle on the earth's 
sur&ce made a plane through the centre of the earth, and 
perpendicular to its axis. 

X. Celestial Equator,j^K great circle of the celestial sphere 
made by the plane or the Terrestrial Equator extended in- 
definitely. 

XI. Vertical Circles, — Circles whose planes pass through the* 
zenith and nadir. 

XII. Declination Cireles.-r-QresA circles of the celestial 
sphere whose planes pass through the north and south poles. 

XIII. Celestial Meridian of a place,— A great circle passing 
through the poles and the zenith. 

XIV Prime Vertical,-— The vertical circle whose plane is 
perpendicular to that x>f the meridian. 

XV. Terrestrial Meridian of a place,— The great circle in 
which the celestial meridian cuts the earth's surface. 

XVI. Ecliptic— The section, of the celestial sphere made by 
the plane pf the sun's apparent path. 

XVII. Obliquity of the Ecliptic. — ^The angle of inclination of 
the ecliptic and equator (23° 28' nearly). 

XVIII. Equinoxes: Vernal and Autumnal, — ^The points in 
which the equator and ecliptic intersect. 



\ 
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XIX» Wint point of Anet.-^The vernal equinox. 

XX. RiffAt Ascension and Declination of a Heavenly Bodyj^-^ 
Its spherical co-ordinates referred to the equator and the 
first point of Aries» 

XXL Tolar Distance.--The complement of the declination. 

XXII. Hour Angle of a Heavenhf jBo^fy.-r-The angle between 
the meridian of a place and a declination circle passing 
through the body. 

» 

XXIII. Azimuth and Altitude of a Heavenh Body. — Its 
spherical co-ordinates referred to the rational horizon and 
that point in it most remote £rom the elevated pole. 

XXIY. Solstitial Colure,— The great circle through the poles 
of the ecliptic and equator. 

XXY. Solstices : Summer and JTinter^-^The points in which 
the solstitial colure intersects the ecliptic. 

XX VI. Latitude and Longitude of a Heavenly Body. — Its 
spherical co-ordinates referred to the ecliptic and the first point 
of Aries. 

XXVII. Angle of Position of a Heavenly Body, — ^The angle 
between its circles of declination and latitude. 

XXVIII. Ferikelion or Perigee (according as the Earth or Sun 
is considered the Moving Body). — That point in the orbit at 
which the distance between them is least 

XXIX. Aphelion or Apogee. — ^That point in the orbit at 
which the distance between them is the greatest. 

XXX. Line of Ajpsides.'^The line joining the apsides, or 
aphelion and perihelion, 

XXXI. Solar, Lunar, Sidereal Lay, — ^The interval between 
two Buooessive transits of the meridian of a place over the 
sun, moon, or a fixed star respectively. 
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XXXII. Mean Solar Time, — ^Time reckoned by the position 
of a fictitious sun moving in the equator with the true sun's 
mean motion in longitude. 

XXXIIL EauaiioH of the Centre, — The difference between the 
true and mean longitude of the earth. 

XXXrV. Equation of Time, — The difference between mean 
and apparent time^ at noon. 

XXXV. Precession of the Equinoxes, — A slow change in 
their position, arising from the attraction of the Sim and 
Moon upon the protuberant matter at the earth's equator. 

XXXYI. Nutation of the EartKs Axis, — ^A slow change in its 
inclination to the axis of the ecliptic arising from the same 
cause which produces precession. 

XXXVIL Parallax, — ^The angle subtended at an object by 
the line which joins two different points from which it may 
be viewed. 



ASTRONOMICAL RESULTS AND LAWa 

1. The motions of all the planets in their orbits are from 
toht to east J and are all subject to Kepler's Laws. 

2. Kepler s Laws. — (1) The radii vectores describe areas in 
one plane proportional to the time. (2) The orbits are eUipses 
having the sun in one of their foci. (3) The squares of the 
periomc times are proportional to the cubes of the mean 
distances from the Sun. 



3. Deductions from KepWs Laws^ 

From Law (1) — the force which acts upon the bodies 
tends always to the centre of the sun. From Law (2) — the 
force varies inversely as the square of the distance. From 
Law (3) — the absolute force is tne same for all the planets. 

^,'Bod^sLaw, — ^Vide Appendix, Table XVI. 



ASTBONOICT. 109 

ASTRONOMICAL FORMULiE. 
Notation. 

Ij c denote the latitude and colatitude of a plaoe. 

d, p „ the deolination and polar distance of 

a celestial body. 

z and ;?' „ the true and apparent zenith distances. 

A or a and A^ or a' „ yy altitudes. 

h „ hour angle. 

1. Distance U) miles) of the offing or visible horizon from the 
eye, height {k teet) ; And Dip (a minutes), 



D = v/- k approximately, 



2 

a = -9784 Vi" „ 

2. Latitude by the sun's meridian altitude, 

l^h + z. 

3. Latitude by a circumpolar star, 

^ 2— 

4. Latitude by the pole star out of the meridian, 

I ^ a — p cos A + a ^^ a{p^m h)^ sin 1''. 

2 

5. Hour angle, by an observed altitude : 
»°5- = V 2 



— c . ^ + c — p 
sm ' -^ 



sm - =s V 2 2 

sm c sm^ 
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6. Length of day (20, 

cos (^ X 16'') « — tan / . tan d. 

7. Refraction, 

= 67" tan z* nearly. 

8. Farallaz in altitude, 



= :^ . sin :^, 
R 

9. Horizontal parallax, 

r 
"5* 



Where r = earth's radius, 

R =. earth's distance 
from the body. 



10. Longitude by the chronometer, 

=s Greenwich time r^* corrected time at any place. 

Longitude by lunar distances, 

11. -{ (2) sin* tf = sec «' . sec^' cos a cos ^ cos X cos (X — ly). 
(3) X = i (J' + a' + jy). 
Where D, U denote the true and apparent distances respectively. 



HEAT. 
EXPLANATION OF TERMS. 

I. Temperature, — ^The energy with which the heat in a 
body tends to transfer itself to other bodies. 

II. Sensible Heat — ^Heat sensibly employed in raising matter 
to a given temperature* 



HEAT. 



Ill 



III. Latent Heat, — Heat which disappears in changing 
the state of matter from, solid to liquid, or from liquid to 
vapour. 

• 

IV. Unit of Heat, — ^The quantity of heat required to raise 
lib. of water through 1° Fahr. 

V. Mechanical Meamtre of the Unit of Heat between limits of 
Temperature 66® and 60° = 772 Units of Work. 

VI. Specific Heat. — The ratio oi the quantities of heat re- 
quired to raise equal weights of any proposed substance and 
water through 1® Fahr. 

VII. Conduction. — The pi^ocess by which heat is transmitted 
from one portion of matter to another through the interior 
of an intermediate body. 

Vni. Radiation. — ^The process by which heat is transmitted 
from one body to another by rays through an intermediate 
space. 

IX. Convection, — ^The process by which the temperature of 
liquids and gases is raised, by the circulation of particles 
rendered specifically lighter when heated. 

« 

X. Dew Point. — ^That temperature at which the vapour 
with which the atmosphere is charged would begin to 
•deposit itself in the form of dew. 



XI. 



Thermometers, 



Standard 
Readings. 


Fahrenheit. 
F. 


• 

Centigrade. 
C. 


E6aumur. 
R. 


Boiling Point . 
Freezing Point 


212 
32 


100 



o 

80 
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)s caused 
I .itionaiy 



'^rations 
\ty as to 



^ lowest 
musical 



le of a 



'bounded 

have a 

s is not 



iiig of 7 





• 




o 




t> 




s 




o 




o 




c 


') 


2 




1 


> 


2. 


1 

t 
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Formula for Comparison. 



o 



9 - 6 "~ T 



XII. Expansion or Contraction hy Heat, 

Linear expansion ^ e {t' — () I. 

Where e « expansion for 1° of temperature . / the length 

at temperature t. 

Cubic expansion = 3 X linear expansion, nearly. 



ACOUSTICS. 
DEFINITIONS AND PKINCIPLES. 

1. <So«»(f.— The effect produced upon the organs of hearing 
by the vibrations of a body, transmitted to the ear by some 
conducting medium. 

2. Conditions for the effective transmission of sound, — The 
conducting medium should possess elasticity^ and be of uni- 
form density. 



3. Velocity of Sound j at f^ Fahr. 

^ 493-2 

Where V ^ velocity in pure dry air at 32° Fahr. 

a 1090*2 by calculation. 

« 1090-1) u • 4. 

J by experunent. 

1090-5) ^ ^ 



ACOUSTICS. 



113 



4. Nodal Points and Lines, — ^Those points or lines in a lineal 
or superficial body respectively, where the undulations caused 
by opposite vibrations meet each other, causing a stationary 
point or line, 

5. Musical Sound. — The effect of a series of vibrations 
succeeding each other with such rapidity and regularity as to 
produce the impression of a single sound 

6. Musical Interval, — ^The ratio, expressed in its lowest 
terms, of the number of vibrations made by two musical 
notes in the same time. 

7. Fitch of a Note, — ^Varies inversely as the time of a 
vibration. 

8. Concord,'^The effect produced by two notes soimded 
together, their vibrations being so related as to have a 
common period after a few osculations. Where this is not 
the case Discord is produced. 

9. Diatonic and Chromatic Scales, "^SealeB consisting of 7 
and 12 intervals respectively. 

DiATOKic Scale. 



Number 

of vibrations 

of 

Upper Note. . 
Lower Note . . 
Intervals . . . 


• 

1 

C 

1 


■ 

a 

D 

9 

8 


1 
1 

E 

5 

4 

i 


1 

F 

4 
3 

* 


i 

Q 

3 
2 


• 

A 

5 
3 

* 


1 

> 

B 

15 

8 

V 


c 

2 

1 
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TABLE L 

Square, Cubet, Square Soots, Cube Soati, Beeiproeah. 



Num. 


Square. 


Cube. 


Square Root. 


Cube Root 


Reciprocals. 


1 


1 


1 


100000 


100000 


100000 


2 


4 


8 


1-41421 


1-25992 


0-50000 


3 


9 


27 


1*73205 


1-44225 


•33333 


4 


16 


64 


2'00000 


1-58740 


•25000 


5 


25 


125 


2-23607 


1-70998 


•20000 


6 


36 


216 


2-44949 


1-81712 


-16667 


7 


49 


343 


2-64575 


1-91293 


•14286 


8 


64 


512 


2-82843 


2-00000 


•12500 


9 


81 


729 


3-00000 


2-08008 


•mil 


10 


100 


1000 


3-16228 


2-15443 


•10000 


11 


121 


1331 


3-31662 


2-22398 


•09091 


12 


144 


1728 


3-46410 


2-28943 


•08333 


13 


169 


2197 


3-60555 


2-35133 


•07692 


14 


196 


2744 


3-74166 


2-41014 


•07143 


15 


225 


3375 


3-87298 


2-46621 


•06667 


16 


256 


4096 


4-00000 


2-51984 


•06250 


17 


289 


4913 


4-12311 


2-57128 


•05882 


18 


324 


5832 


4-24264 


2-62074 


-05556 


19 


361 


6859 


4-35890 


2*66840 


•05263 


20 


400 


8000 


4-47214 


2-71442 


•05000 


21 


441 


9261 


4-58268 


2-75892 


•04762 


22 


484 


10648 


4-69042 


2-80204 


-04545 


23 


529 


12167 


4-79583 


2-84387 


•04348 


24 


576 


13824 


4-89898 


2-88450 


•04167 


25 


625 


15625 


600000 


2-92402 


-04000 


26 


676 


17576 


509902 


2-96250 


•03846 


27 


729 


19683 


519615 


3-00000 


•03704 


28 


784 


21952 


5-29150 


3-03659 


•03571 


29 


841 


24389 


5-38516 


307232 


•03448 


30 


900 


27000 


5-47723 


310723 


•03333 
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TABLE IT. 

Prime Numbers and their Logarithm's. 



Num. 


Logarithm. 


Num. 


Logarithm. 


^ 


— oo 


113 


205308 


1 


0-00000' 


127 


2-10;:80 


3 


0-47712 


131 


2-11727 


5 


0-69897 


137 


2-13672 


7 


0-84510 


139 


2-14301 


ir 


104139 


149 


2-17319 


13 


1-11394 


151 


2-17898 


17 


1-23045 


157 


2-19690 


19 


1-27875 


163 


2-21219 


23 


1-36173 


167 


2-22272 


29 


1-46240 


173 


2-23805 


31 


1-49136 


179 


2-25285 


37 


J-56820 


181 


2-25768 


41 


1-61278 


191 


2-28103 


43 


1-63347 


193 


2-28556 


47 


1-67210 


197 


,2-29447 


53 


1-72428 


199 


2-29885 


59 


1-77085 


211 


2-32428 


61 


1-78533 


223 


2-34830 


67 


1-82607 


227 


2-35603 


71 


1-85126 


229 


2-35984 


73 


1-86332 


233 


2-36736 


79 


1-89763 


* 239 


2-37840 


83 


1-91908 


241 


2-38202 


89 


1-94939 


251 


2-39967 


97 


1-98677 


257 


2-40993 


101 


200432 


263 


2-41996 


103 


2-01284 


269 


2-42975 


107 


2-02938 


271 


2-43297 


109 


2-03743 


277 


2*44248 



I2 
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TABLE III. 



Lineal Measure. 



12 inches 3= i foot. 


144 


square 


inches = 1 


square foot 


•5 feet = 1 yard. 


9 


II 


feet = 1 


i> yard. 


.">i yards = 1 perch or pole. 


30^ 


>i 


yards = 1 


>f pola 


4.) perches = 1 ftarlong. 


40 


>» 


poles = 1 


,, rood. 


8 liirlongs = 1 mile. 


4 


)> 


roods = 1 


„ acre. 


:^ miles =s 1 league. 











1 mile 
1 fathom 

1 knot 

1 degree 

1 chain 



1760 yards s 5280 feet. 

6 feet 

1000 fathoms. 

69^ miles. 

100 links. 

22 yards. 



Superficial Measure. 



1 square acre = 100000 square links. 

„ « 4840 „ yards. 

.1 = 10 „ chains. 

1 square mile = 640 „ acres. 
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TABLE IV. 



Comparison of French and English Weights and Measures. 



Weights j 



Lineal 
Measure. 



Superficial 
Measure. 

Measure 

of 
Capadtj. 



French. 



English. 



Gramme 
Kilogramme 

Millimetre 

Centimetre 

Decimetre 

M^tre 

M3rriametre 

Metre carr^ 

Are 

Hectare 

Litre 

Decalitre 

Hectolitre 



15*438 grains troy. 
2-68027 lb& „ 

0-03937 inches. 
0-393708 „ 
3-937079 „ 
3*2808992 feet. 
6*2138 miles. 

1*196033 square yards. 
0098845 „ roods. 
2*471143 M acres. 



1*760773 pints. 
2*2009668 gallons. 
22-009668 



» 
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TABLE V. 



Circular Measures and Natural Trigommetrical Ratios, 



Angle. 
1- 


Circular 
Measares. 


Sines. 


Tangents. 


• 

Co-tangentB. 


Cosines. 


Angle. 


•000291 


•000291 


•000291 








o 
1 


•017463 


•017452 


•017465 


67-2900 


•999848 


o 
89 


3 


0-0524 


00523 


0-0524 


19^081 1 


0-9986 


87 


5 


•0873 


•0872 


•0876 


11^4300 


•9962 


86 


7 


•1221 


•1219 


•1228 


8-1443 


•9926 


83 


9 


•1671 


•1564 


•1684 


6-3138 


•9877 


81 


11 


•1920 


•1908 


•1944 


6-1416 


•9816 


79 


13 


•2269 


•2250 


•2309 


4^3316 


•9744 


77 


16 


•2618 


•2588 


•2679 


3-7321 


•9659 


75 


17 


•2967 


•2924 


•3057 


3-2709 


•9563 


73 


19 


•3316 


•3256 


•3443 


2-9042 


•9456 


71 


21 


•3665 


•3584 


•3839 


2-6051 


-9336 


69 


23 


•4014 


•3907 


•4245 


2-3559 


-9206 


67 


25 


•4363 


•4226 


•4663 


2-1446 


•9003 


66 


27 


•4712 


•4540 


•5095 


1-9626 


•8910 


63 


29 


•6061 


•4848 


•5643 


1-8040 


•8746 


61 


31 


•6410 


•6150 


•6009 


1-6643 


-8672 


69 


33 


•5760 


•5446 


•6494 


1-6399 


•8387 


67 


36 


•6109 


•5736 


•7002 


1^4281 


•8192 


65 


37 


•6458 


•6018 


•7536 


1-3270 


•7986 


63 


39 


•6807 


•6293 


•8098 


1-2349 


•7771 


61 


41 


•7156 


•6561 


•8693 


11604 


•7547 


49 


43 


•7505 


•6820 


•9326 


1-0724 


•7314 


47 


46 


•7864 


•7071 


1^0000 


1-0000 


•7071 


46 

Angle. 




GoBine. 


Co-tangent. 


Tangent. 


Bine. 
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TABLE VI. 



Compound Interest and Annuities, 6 per Cent 



Years 


Amount of £1 


Amonnt of £1 per 


Present Value 


(nX 


in (n) years. 


ATfr^i^n^ in (i%) yiMtm, 


of £1 per Annum ! 
for (n) years. | 

1 






£ 


£ 


£ 


5 


1-2763 


5-5256 


4-3295 


10 


1*6289 


12-5779 


7-7217 


16 


2-0789 


21-5786 


10-3797 


20 


. 2-6533 


33-0660 


12-4622 


25 


3-3864 


47-7271 


14-0939 


30 


4-3219 


66-4388 


15-3725 


35 


5-5160 


90-3203 


16-3742 


40 


7-0400 


120-7998 


17-1591 


45 


8-9850 


159-7002 


17-7741 


50 


11-4674 


209-3480 


18-2559 


55 


14-6356 


272-7126 


18-6335 


60 


18-6792 


353-5837 


18-9293 


65 


23-8399 


456-7980 


19-1611 


70 


30-4264 


588-5285 


19-3427 


75 


38-8327 


756-6537 


19-4850 


80 


49-5614 


971-2288 


19-5965 


85 


63-2544 


1245-0871 


19-6838 


90 


80-7304 


1594-6073 


19-7523 


95 


1030347 


2040-6935 


10-8O59 


100 


131-5013 


2610-0252 


19-8479 


PerpJ^. 


•~~ 


•"" 


200000 
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TABLE VII. . 

Annual Premiums /or Assuring ;£100 at Death, and Present 
Values of a Life Annuity of ;£100 per Annum. 



Age. 


Annual 
Premiums. 


Present Value of 
Annuities. 


Expectation of 
Life. 


20 


£ 
1-689 


£ 
170675 


Years. 


25 


1-818 


1665-58 


37-805 


30 


2-023 


1603-92 


33681 


35 


2-381 . 


1505-79 


29-721 


40 


2-828 


1398-22 


25-944 


45 


3-450 


1270-67 


22-365 


50 


4-260 


1133-76 


18-994 


55 


5-240 


1000-52 


15-832 


60 


6-527 


86400 


12-878 


65 


8-417 


715-48 


10-264 


70 


10-867 


579-66 


8-113 


75 


13724 


469-17 


6-345 


80 


16-854 


383-08 


4-884 



From the experience of " The Amicable " Insurance Office. 
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TABLE VIIL 



Work of Living Agents, 



Agent. 


No. of Units 

of Work per 

Minute. 


A MAN transporting his own weight hori- 
zontally 

„ walking with a weight on his back, 
or transporting material in a 
wheelbarrow 

,, raising his own weight 

,; wall^iug and pushing or pulling 
horizontally, or rowing . . . 

„ turning a winch ....... 

„ raising water from a well with a 
windlass 

„ pulUng and pushing alternately in a 
vertical direction 

„ working a pump 

9, raising weights with t pulley . . . 

,f raising weights by hand .... 

„ carrying weights up a ladder . . . 

„ raising water with rope and bucket 

,, wheeling material up an incline of 
linl2 

y, lifting earth with a spade 5^ feet . 


42330 

13030 
4230 

3130 
2600 

2560 

2390 
1980 
1560 
1480 
1130 
1054 

520 
470 


A HOBSE trotting with a weight on his back 
ff walking with a weight on his back 
n yoked to a cart ana walking . . 


76410 
67310 
26150 



122 



APFSNDIX. 



TABLE IX. 

Specific Gravities^ and Absolute Weights in Pounds per Cubic 

Foot. 



Substance. 


Specific Gravity. 


Weight 


Platinum ..... 




20-980 
19-307 
13-619 
11-446 
10-312 

8-607 

8-399 

7-780 

7-291 

7113 

7-028 

3-521 

2-594 

2 453 

1-919 

1-886 

1-826 

1-420 

1-257 

1032 

1-027 

I'OOO 

0-940 

0-934 

0-829 

0-470 

0-240 

0-00123 

0-00009 


1311-25 
1206-69 
85118 
717-45 
644-50 
537-93 j 
525-00 
486-25 
455-68 
444-66 
439-25 
22006 
162-13 
153-31 
119-93 
117-87 
114-12 

88-60 

78-56 

64-65 

64-18 

62-50 
58-76 

68-37 

61-82 

29-37 

16-00 
0076a 
0-0056 


Gold ..... 






Mercury (at '32*^.). 
Lead 




Silver 




CoDDer .... 




Brass .... 




Steel (Soft) . . 
Tin 




Iron (Cast) . , 
Zinc 




Diamond . 




Stone (White Flint; 
Glass (Plate) . . 
Clay (Common) . 
Sand (Damp) . . 
Ivory .... 




Sand (Dry) . . 
Coal 




Milk 




Water (Sea) . . 

Water (Rain) . . 

Oil (Linseed) . . 
Oak 




Spirits of Wine . 
Deal (English) . 
Cork 




Air 




Hydrogen . . . 
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TABLE X. 



Coefficients of Friction and Angles of Eepose, 



M&tAriiLl 


Coefficient of 


Angle of 


JVlAuCl IM ■ 


Friction. 


Repose. 


Shingle and Qravel on 
Ditto 


0-81 to 1-11 


39 to 48 


Damp Clay on Ditto . . 


1-00 


46 


Dry Sand on Ditto . . 


0-38 to 0-76 


21 to 37 


Mationry and Brickwork 
with damp Mortar . . 


0-74 


36-5 


Dry Masonry and Brick- 
work 


0-60 to 0-70 


31 to 35 


Iron on Stone .... 


0-30 to 0-70 


16-7 to 36 


Timber on Metals . . . 


0-20 to 0'60 


11-3 to 31 


Masonry on dry Clay . . 


0-51 


27 


Timber on Timber . . 


0-20 to 0-60 


11-3 to 26-6 


Timber on Stone . . . 


0-40 


22 


Masonry on moist Clay . 


0-33 


18-3 


Wet Clay on Ditto . . 


0-31 


17 


Metals on Metals . . . 


015 to 0-25 


85 to 14 
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TABLE XL 

Strength of Materials, 











Coefficients of 








Absolute Strength, or 


Rupture 


Material 


Weight 
of Cubic 


Modulus 


in lbs. Av. per square inch. 




foot in 
lbs. Av. 


of 
Elasticity. 


Exten- 

* 


Com- 


Trans- 
verse 








sion. 


pression. 


Strain. 


Aah .... 


48-6 


1644800 


17207 


9023 


12166 


Beech . . . 


48-2 


1353600 


16817 


9363 


9336 


Box .... 


600 




19891 


10299 




Brass (cast) . 


5250 


8930000 


17968 


10304 




Brass (wire) . 




14230000 


49000 






Brick . . . 


135-5 




280 


807 




Cedar . . . 


56-8 




11400 


5674 


7400 


Copper (cast). 


537-9 




19072 






Copper (wire) 




17000000 


60000 






Deal (Christiana) 


43-6 


1672000 


12400 




9864 


Eku .... 


36-8 


699840 


13489 


10331 


6078 


Fir(Eiga) . . 


471 


1328800 


11549 


6748 


6648 


Glass . . . 


153-3 


8000000 


9420 






Iron (cast) . . 


444-6 


17000000 


16500 


112000 


40000 


Iron (wire) . 




25300000 


85000 






Iron (wrot.) . 


481-2 


29000000 


65000 


38000 


42000 


Ivory . . . 


1141 




16626 






Larch . . . 


32-6 


897600 


10220 


3201 


4992 


Lead (cast) . 


715-5 


720000 


1824 






Lignum VitsB. 


76-3 




11800 


9900 


12000 


Mahogany . . 


50-0 


1255000 


14900 


8200 


7600 


Mortai . . . 


107-2 




60 






Oak ... . 


58-4 


1451200 


17300 


9509 


10032 


Rne (red) . . 


411 


1680000 


13000 


5788 


8320 


Rope (hempen) 


# 




5600 


• 




Sandstone. . 


1440 






3850 


1730 


Slate . . . 


180-5 


15800000 


12800 




11766 


Steel . . . 


490-0 


35500000 


116000 






Teak . . . 


41-1 


2414400 


15000 


12101 


14772 


Tin .... . 


455-7 


4608000 


6322 






Walnut . . . 


41-9 




8130 


6645 




Yew. . . . 


50-4 




8000 







* Weight of Hempen Rope 1 foot long, 1 inch circumference = 0'045 lb. 
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TABLE XII. 

Batios of Coefflcients of Safety and Ultimate Strength, 

Ordinary Steel and Wrought Iron < • i 

Wrought Iron Boilers |^ 

Cast Iron (steady load) \ 

„ (moving load) \ 

Timber (average) ^ 

Stone and Brick (average) J- 



TABLE XIIL. 

Linear Expansion of Materials for 1° Fahr. 

Zinc = 000001634 

Lead = 0*00001592 

Brass Rods = 0*00001052 

Copper = 0-00000944 

Iron (wrought) — 0-00000642 

Steel Rods = 0*00000636 

Iron (cast) = 0-00000617 

Platinum = 0*00000476 

Glass Tube = 0-00000431 



Mercury (in Glass) = 0*00008696 
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TABLE XIV. 

Elasticity of Bodies in 
Collision, 



Substance. 

« 


Elas- 
ticity (e). 

•94 
•89 
•79 
•67 
•66 
•65 
■60 
•69 

•57 
•52 
•39 
•36 
•20 
•19 
•17 


Glass . . . 
Ivory . . . 
Stfeel. . . . 
India Rubber . 
Cast Iron . . 
Cork .... 
Elui .... 
Bell Metal. . 
Lead versus 
Cork . . . 
Brass r. Steel . 
Stone . •. . 
Brass . . . 
Lead .... 
Lead v. Steel . 
Clay (Moist) . 



TABLE XV. 

Refractive Indices. 



Substance. 


Refractive 
Index, 


Chromate of Lead 


2-974 


Diamond .... 


2-450 


Sulphur . . . 
Garnet .... 




2^115 
1^815 
1^779 
1^688 


Ruby .... 




Tourmaline . . 




Flint Glass . . 




1616 


Emerald . . . 




1-585 


Crown Glass . . 




1-535 


Plate Glass . . 




1-526 


Oil of OHves . 




1-470 


Fluor Spar . . 
Alcohol . . . 




1-436 
1372 


Saltwater . . 




1-343 


Distilled Water 




1-336 


Ice 




1-307 
1-000294 
1000272 
1^000138 


Air 




Oxygen . . 
Hydrogen , 
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TABLE XVL 



The Flanetary System. 





Mean Dis- 


Bode's Empirioal Law 


Periodic 


Dia- 




Name of 


tance from 


of 


TimeinMean 


meter 


Den- 


Body. 


the Sun. 


Planetaiy Distances. 


Solar Days. 


in Miles. 


sity. 
0-26 


Sun . . 


■ • • 


• y • • • • 


• • • 


882000 


Mercury 


0-3870981 


4-4 


87-969 


3140 


1-12 


Veuu8 . 


0-7233316 


7-4+3x1 


224-701 


7800 


0-92 


Earth . 


10000000 


10=4+3x2 


366-256 


7926 


I'OO 


'Mars . 


1-5236923 


16-4+3x22 


686-980 


4100 


0-96 


Flora . 


2-2016870 


'v /• 


1193-249 






Vesta . 


2-3610810 




1326147 


250? 




Iris . . 


2-3806240 




1341-636 






Metis . 


2-3856070 




1345-850 






Hebe . 


2-4257866 


. 28«4+3x2» 


1379-994 






Astreea . 


2-5770470 




1511-095 






Juno 


2-6708370 




1594-296 


79? 




Ceres . 


2-7680510 




1682126 


163? 




Pallas . 


2-7728580 


J V 


1686-510 






Jupiter . 


5-2027760 


62-4+3x2* 


4332-586 


87000 


0-24 


i Saturn . 


9-5387861 


100=4+3X2» 


10759-220 


79160 


0-14 


Uranus, 


19-1823900 


196=4+3X2« 


30686-821 


34600 


0-24 


'Neptune 

i 


30-0368000 


1 


60126-710 


41500 


0-14 
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TABLE XVII. 



Miseellaneotts Data. 

1. 1 lb. Avoirdnpoifl s 7000 grains. 

2. 1 lb. Troy = 6760 grains. 

5. logio ir = 0-49716. 

4. logie (unit of circular measure) .....si -76812. 

fi« logioi'' (At Greenwich) =1-50778. 

6. A carat b 8| grains. 

7. Standard Silver =87 parts Silver + 8 iMurts Copper. 

8. Standard Oold =22 itarts Gold + 2 parts Copper. 

9. Mint price of Standard Silver s= 58. 6d. per ounce Troy. 

10. Mint price of Standard Gold = £3 17s. lOjd. „ „ 

11. 80 Cubic inches of Gunpowder = 1 lb. 

12. An iron baU 4 inches diameter =9 Ibe. 

13. A leaden bullet 1 inch diameter = ^ lb. 

14. Seconds' Pendulum, Length (/) at Greenwich . = 39'1393 inches. 

16. logio I = 1-5926L 

le. Cubic in. distilled water (Bar. 80 in. Ther. 62**) ss 262 -458 grain& 

17. Cubic foot „ „ „ „ = 908-8488 ounces Troy. 

18. „ „ „ „ „ = 997 -136969 „ Avoir. 

19. Barometer, Standard Height at 82° F. . . = SO inches. 

20. Height of a Column of Water supported by 

Atmosphere s 34 feet 

21. Mean Pressure of the Atmosphere s 16 lbs. per square inch nearly. 

22. ' Velocity of Light = 192000 miles per second. 

23. Earth's Equatorial Radius = 20923713 feet s 3962-82 miles. 

24. ., Polar „ = 20863810 „ s 3949'69 .. 

26. Mean distance of the Earth fix>m the Sun . . = 96000000 miles. 

26. Distance of the Earth ttom the Moon . . . = 69*964 X Earth's radios. 

27. Length of V in Latitude 45' = 864543-5 feet. 

28. Geographical Mile in Latitude 50^° .... = 1 *162 statute miles. 

29. Mean Solar Day = 24 h. 3 m. 56-6648. sid. time. 

80. Atmosphere. Aasvmed Height = 27690 feet 

31. Expansion of Mercury for 1' Fahr = 00010415. 

82. VoL of Steam generated by Cubic foot of water = 883 Cubic feet 

33. Pressure of ditto per square inch =80 lbs. 



THE END. 
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The Wayfarers : or. Toil and Rest. By Mrs. Latham. Fcap. 5s. 

The Manse of Mastland. Sketches : Serious and Humorous, in 
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Aunt Judy's Tales. Illustrated by Clara S. Lane. Fcap. 8vo. 
Third Edition. 3s. 9d. 

The Human Face Divine, and other Tales. With Illustrations 
by G. S. Lane. Fcap. 8to. 3s. Qd. 

The Fairy Godmothers and other Tales. Third Edition, Fcap. 
8to. with Frontispiece. 2s. Qd. 

Legendary Tales. With Illustrations by Phiz. Fcap. 8vo. 5». 

The Poor Incumbent. Fcap. 8vo. Sewed, Is. Cloth, Is. 6d, 

The Old Folks from Home ; or, a Holiday in Ireland >iii 1861. 
Post 8vo. 7s. ed. 




HE Life and Adventures of Bobinson Crusoe. By Daniel 
Defoe. With 100 Illustrations by E. H. Wehnert. Uniform 
with "■ Andersen'sTales." Small 8yo. Cloth, gilt edges, 7s. Bd. 

Andersen's Tales for Children. Translated by A. 
Wehnert. With 105 Illustrations by E. H. Wehnert, W. Thomas, and 
others. Small 8vo. Cloth, gilt edges, 7s. 6d. 

Among the Tartar Tents ; or, the Lost Fathers. A Tale By 
Anne Bowman, Author of " Esperanza," " The Boy Voyagers," &c. 
With Illustrations. Crown 8vo. 5s. 

Nursery Carols. Illustrated with 120 Pictures. By Ludwig 
Ricther and Oscar Pletsch. Imperial 16mo. Ornamental Binding. 3s. 6a. 
coloured, Qs. 

A3 
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LitUe Maggie and her Brother. By Mrs. 6. Hooper, Author of 
" Recollectioiu of Mrs. Anderson's School," " Arbell/' &e. With a 
Frontispiece. Fcap. Sto. 2s. 6d. 

Gaessinff Stories j or, the Surprising Adventures of the Man 
with the Extra Pair of Eyes. A Book for Young People. By a Goantry 
Parson. Imperial Iftno. Cloth, gilt edges, ds. 

Cayaliers and Hound Heads. By J. G. Edgar, Author of *' Sea 
Kings and Naval Heroes." Illnstrated by Amy Bntts. Fcap. 8ro. 5s. 

Sea-Kings and Naval Heroes. A Book for Boys. By J. G. 
Edgar. With Illustrations by C. E. Johnson and G. Keene, Fcap. 8vo. 5s. 

The Children's Picture Book of Good and Great Men. Written 
expressly for Young People, and Illnstrated with Fifty large Engravings. 
Super royal 16mo. Gloth, gilt edges, 5s. With Coloured Illustrations, §t. 

The Children's Picture Book of English History. Written ex- 
pressly for Young People, and Illustrated with Sixty large Engravings. 
Super royal 16mo. Cloth, gilt edges, 5s. With Coloured Illnstrations, ds. 

The Children's Bible Picture Book. Written expressly for Young 

People, and Illustrated with Eighty large Engravings. Third Edition, 
Super royal 16mo. Cloth, gilt edges, 65. With Coloured Illustrations, 9«. 

The Children's Picture Book of Scripture Parables and Bible 
Miracles, in 1 vol. Cloth, gilt edges, 5^. Coloured, Is. Qd, 

The Children's Picture Book of Scripture Parables. By the Rev. 
J. Erskine Clarke. With Sixteen lar^e Illustrations. Super royal 16mo. 
Cloth, red edges, 2s. 6d. Coloured, with gilt edg^, Ss. Qd. 

The Children's Picture Book of Bible Miracles. By the Rev. J. 
Erskine Clarke, M.A. With Sixteen large Illnstrations. Super royal 
16mo. Cloth, red edges, 2s. 6d. Coloured, with gilt edges, 3s. id. 

The Children's Bunyan's Pilgrim's Progi^ss. With Sixteen large 
Illustrations. New Edition. Super royal 16mo. Cloth, red edges, 2s. 6d. 
Coloured, with gilt edges, 3s. 6d. 

The Children's Picture Book of the Life of Joseph, written in 
Simple Lan^ 
Clotn, red ec 



Simple Language. With Sixteen lar^e Illnstrations. Super royal 16mo. 
tn, red edges, 2s. 6d. Coloured, with gilt edges, 3s. 6a. 



The Life of Christopher Columbus, in Short Words. By Sarah 
Crompton. Crown 8vo. 2s. 6d. Also an Edition for Schools, Is. 

The Life of Martin Luther, in Short Words. By the same Author. 
Crown 8vo. Is. Gd. Stiff cover. Is. 

Redfield ; or, a Visit to the Country. A Story for Children. 
With Illustrations by Absolon. Super royall6mo. 2s. 6d. Coloured, 3s. 6J. 

Nursery Tales. By Mrs. Motherly. With Illustrations by C. 
S. Lane. Imperial 16mo. 2s. 6d. Coloured, gilt edges, 3s. 6d. 

Nursery Poetry. By Mrs. Motherly. With Eisht Illustrations 
by C. S. Lane. Imperial 16mo. 2s. ed. Coloured, gilt edges, 3s. ed. 
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Poetry for Play-Hours. By Gerda Fay. With Eight large 
Ilhi8tration8. Imperial 16mo. S«. M. Coloured, gilt edges, 4«. 6<2. 

Very Little Tales for Very Little Children. In single Syllables 
of Four and Five letters. New Edition. lUastrated. 2 vols. 16mo. 1«. Qd. 
each, or in 1 vol. 3«, 

Progressive Tales for Little Children. In words of One and Tvoo 
SfUables. Forming the sequel to " Very Little Tales." New Edition, 
Illustrated. 2 vols. 16mo. Is. 6d. each, or in 1 a'oI. Ss. 

The White Lady and Undine, translated from the German by the 
Hon. C. L. Lyttelton. With numerous Illustrations. Fcaji. 8vo. 68. Or, 
separately, 25. Qd. each. 

The Liffhts of the Will o» the Wisp. Translate^d by Lady Maxwell 
Wallace. With a coloured Frontispiece. Imperial 16mo. Cloth, gilt 
edges, 5s. [Reculi/. 

Voices froip the Greenwood. Adapted from the Original. By 
Lady Maxwell Wallace. With Illustrations. Imperial IGmo. 2s. 6d. 

Princess Use : a Legend, translated from the German. By Lady 
Maxwell Wallace. With Illustrations. Imperial 16mo. 2s. 6a. 



A Poetry Book for Children. Illustrated with Thirty-seven 
highly-finished Engravings, by C. W. Cope, R. A., Helmsley, Palmer, 
Skill, Thomas, and H. Weir. New Edition. Crown 8vo. 2s. 6d. 




CAKE'S Introduction to Heraldry. — Containing Bules 

for Blazoning and Marshalling Coats of Armour — Dictionary 
of Terms — Orders of Knighthood explained — Degrees of the 
Nobility and Qentry— Tables of Precedency ; 48 Engravings, 
including upwards of 1,000 Examples, and the Arms of nu- 
merous Families. Sixteenth Edition improved. Small 8vo. 7s. Qd. Co- 
loured, 185. 

Book of Family Crests and Mottoes, with Four Thousand EngraV' 
ings of the Crests of the Peers, Baronets, and Gtentrv of England and 
Wales, and Scotland and Ireland. A Dictionary of Mottos, &c. Ninth 
Edition^ enlarged. 2 vols, small 8vo. 1/. Is. 

** Perhaps the best recommendation to its utility and correctness (in 
the main) is, that it has been used as a work of reference in the Heralds 
College. No wonder it sells." — Spectator, 

Book of Mottoes, used by the Nobility, Gentry, &c. with Trans- 
lations, &c. New Edition^ enlarged. Small 8vo. cloth gilt, 2s. 6d. 

A Handbook of Mottoes borne by the Nobility, Gentry, Cities, 
Public Companies, &o. Translatea and Illustrated, with Notes and 
Quotations, by C. N. Elvin, M.A. Small 8vo. 6s. 

Gothic Ornaments : being a Series of Examples of enriched D&> 
tails and Accessories of the Architecture of Great Britain. Drawn from 
existing Authorities. By J. K. Colling, Arohitect. Royal 4to. Vol. I. 
8/.13«.6d. Vol. II. Zl. Its, ed. 
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Details of Qothic Architecture, Measured and Brawn from existing 
Examples. By J. K. Colling, Architect. Royal 4to. 2 vols. 6L 6t, 

The Architectural History of Chichester Cathedral, with an In- 
troductory Essay on the Fall of the Tower and Spire. By the Bev. B. 
Willis, M.A., F.R.S., &c., Jacksonian Professor in the University of 
Cambridge. — Of Boxsrove Priory, by the Rev. J. L. Petit, M.A., F.S.A. 
— ^And of nhoreham Collegiate Chnrcn, together with the Collective Archi- 
tectural History of the foregoing buildings, as indicated by their mould- 
ings, by Edmund Sharpe, M.A., F.R.I. B.A. Illustrated by one hundred 
Plates, Diagrams, Plans and Woodcuts. Super-royal 4to. 1/. 10s. 

Architectural Studies in France. By the Rjev. J. L. Petit, M.A., 
F.S.A. With Illustrations from Drawings by the Author and P. H. 
Delamotte. Imp. 8vo. 21. 2s. 

Eemarks on Church Architecture. With Illustrations. By the 
Rev. J. L. Petit, M.A. 2 vols. 8vo. 11. Is. 

Lectures on Church Building : with some Practical Remarks on 
Bells and Clocks. By E. B. Denison, M.A. Second Edition. Rewritten 
and enlarged ; with Illustrations. Crown 8vo. Is. 6d. 

A Few Notes on the Temple Organ. By Edmund Macrory, M.A. 
Second Edition. Super-royal 16mo. Half morocco, Roxburgh, 3^. 6(2. 

Scudamore Organs, or Practical Hints respecting Organs for Vil- 
lage Churches and small Chancels, on improved principles. By the Rev. 
Jonn Baron, M.A., Rector of Upton Scudamore, Wilts. With Designs by 
George Edmund Street, F.S.A. Bvo. bs. 

Memoirs of Musick. By the Hon. Boger North, Attorney- 
General to James II. Now first printed from the original MS., and ed- 
ited, with copious Notes, by Dr. E. F. Rimbault. Fcap. 4to. half mo- 
rocco, \l. 10s. 

The Bell j its Origin, History, and Uses. By ReT. A. Gatty. Ss. 

Practical Kemarks on Belfries and Ringers. By the Rey. H. T. 
EUacombe, M.A., F.A.S., Rector of Clyst St. George, Devonshire. Second 
Edition^ with an Appendix on Chiming. Illustrated. 8vo. 8s. 

Proceedings of the Archasological Institute at Newcastle, in 185S. 
With Numerous Engravings. 2 vols. 8vo. 21. 2s. 

A Handbook for Visitors to Cambridge. By Norris Deck. 
Illustrated by 8 Steel Engravings, 97 Woodcuts, and a Map. Crown 
8vo. bs. 

Canterbury in the Olden Time: from the Municipal Archives 
and other Sources. By John Brent, F.S.A. With Illustrations. 5s. 

Whirlwinds and Dust-Storms of India. With numerous Illustra- 
tions drawn from Nature, bound separately; and an Addendum on Sani- 
tary Measures required for European Soldiers in India. By P. F. H. 
Baddeley, Surgeon, Bengal Army, ^Retired List. Large 8vo. With 
Illustrations, %s. 6d. ; without Illustrations, 3^. 

Two Transparent Wind Cards in Horn, adapted to the Northern and 
Southern Hemispheres, for the use of Sailoi-s. 2s. 
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Tables of Interest, enlarged and Improved : calculated at Five 

per Cent. ; Showing at one view the Interest or any Sam, from £1 to 
£365 : they are also carried on by handreds to £1,000, and by thousands 
to £10,000, from one day to 365 days. To which are added, Tables of 
Interest, from one to 12 months, and from two to 18 years. Also Tables 
for calculating Commission on Sales of Goods or Banking Accounts, from 
4 to 6 per Cent., with several useful additions, among which are Tables 
for calculating Interest on large sums for 1 day, at the several rates of 4 
and 6 per Cent, to £100,000,000. By Joseph King, of Liverpool. 2ith 
JEHtion. With a Table showing the number of days from any one day 
to any other day in the Year. 8vo. 12. Is. 




'EBSTER'S Complete Dictionary of the English Lan- 
guage. Nsw mlitiont revised and greatly enlarged, by 
Chauitcey a. GtooDBiCH, Professor in Yale College. 4to. 
(1624 pp.) 11. lis. ed.; half calf, 21.; calf, or half mssia, 
21. 2s. ; russia, 21. 10s. 

Though the circulation of Dr. Webster's celebrated Dictionary, in its 
various forms, in the United States, in England, and in every country 
where the English Language is spoken, may be counted by hundreds of 
thousands, it is believed that there are many persons to whom the book 
is yet unknown, and who, if seeking for a Dictionary which should supply 
all reasonable wants, would be at a loss to select one from the numerous 
competitors in the field. 

In announcing this New Edition, the Proprietors desire to call attention 
to the features which distinguish it, and to put before those who are in 
want of such a book, the points in which it excels all other Dictionaries, 
and which render it the best that has as yet been issued for the practical 
purposes of daily use : — 

1. Accuracy of Definition. 2. Pronunciation intelligibly mai*ked. 8. 
Completeness. 4. Etymology. 5. Obsolete Words. 6. iJniformity in the 
Mode of Spelling. 7. Qaotations. 8. Cheapness. 

With the determination that the superiority of the work shall be ftilly 
maintained, and that it shall keep pace with the rec^uirements of the i^e 
and the universal increase of education, the Proprietors have added to 
this New Hdition, under the editorship of Professor Qoodrich, — 

A Table of Synonyms. An Appendix of New Words. Table of Quota- 
tions, Words, Phrases, &c. 




E6ENDS and Lyrics, by Adelaide Anne Procter. 
6th Edition. Fcap. 6s. Antique or best plain morocco, 10«. 6d. 



Second Series, Second Edition, Ecap. Svo. 5s. ; 



antique or best plain morocco, 10s. Qd. 



The Legend of the Golden Prayers, and other Poems. By C. E. 
Alexander, Author of ** Moral Songs," &c. Fcap. Svo. 6s. ; antique or best 
plain morocco, 10s. M. 

Verses for Holy Seasons. By the Same Author. Edited by the 
Very Rev. W. F. Hook, D.D. Wi Edition. Fcap. Ss. 6d. ; morocco, antique 
calf or morocco, 8s. M. 



Nightingale Valley t a Collection of the Choicest Lyrics and 
. ShortPoemsinthe" '' "^ ' « « - 

c^ or morocco, lOt 



Short Poems in the EuBlish Language. Fcap. 8vo. 5s. ; morocco, antique 
" .6a. 
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The Monks of Kilcrea, and other Poems. Third Edition. Post 8 vo. 

Christopheros, and other Poems. By the Ven. W. B. Mant, 
Archdeacon of Down. Crown 8vo. 6s. 

Teuton. A Poem. By C. J. Biethmiiller. Crown 8vo. 7s. 6d. 
Dryope, and other Poems. By T. Ashe. Feap. Svo. 6». 
Poems. By Thomas Ashe. Fcap. 8to. 5<. 

Day and Night Songs and The Music Master, a Love Poem. By 
William Allingham. With Nine Illustrations. Fcap. 8ro. 6$. Qd.\ 
morocco, 11«. M. 

Wild Thyme. By E. M. Mitchell. Pcap. 8yo. 5». 

Lyrics and Idylls. By Gerda Fay. Fcap. 8vo. 4s. 

Pansies. By Fanny Susan Wyvill. Fcap. 8vo. 5s. 

lo in Egypt, and other Poems. By B. Gamett. Fcap. Svo. 5s. 

The Defence of Guene vere, and other Poems. By W. Morris. 5s. 

Herbert's Priest to the Temple, or the Country Parson. Super* 
royal 82mo. cloth, red edges, 2s. Morocco, or antique calf, 5s. 

David Mallet's Poems. With Notes and Illustrations by F. Dins- 
dale, LL.D., F.S.A. New Edition. Post 8to. 10s. ^. 

Ballads and Songs of Yorkshire. Transcribed from private MSS., 
rare Broadsides, and scarce Publications ; with Notes and a Glossary. 
By C. J. D. Ingledew, M.A., Ph.D., F.G.H.S., author of ** The History 
of North AUerton." Fcap. Svo. 6s. 

Passion Week. By the Editor of " Christmas Tyde." With 16 
Illustrations from Albert Dnrer. Imp. 16mo. 7s. M. ; antique morocco, 14s. 

Percy's Reliques of Ancient English Poetry. 3 vols. sm. Svo. 154. 
Half-bound, 18s. Antique calf, or morocco, 11. lis. M. 

Ellis's Specimens of Early English Poetry. 3 vols. sm. 8vo. 15s. 
Half-bound, 18s. Antique calf, or morocco, 11. lis. M. 

The Book of Ancient Ballad Poetry of Great Britain, Historical, 
Traditional and Romantic : with Modern Imitations, Translations, Notes 
and Glossary, &c. Edited b^ J. 8. Moore. New aiid Improved Editian, 
8yo. Half-bound, 14s. Antique morocco, 21s. 

Shakespeare's Tempest. With Dlustrations by Birket Poster, 
Gustave Dor^, Frederick Skill, Alfred Slader, and Gustave Janet. 
Crown 4to. Ornamental cloth, 10s. Qd, Antique morocco elegant, IL Is. 

The Promises of Jesus Christ. Dluminated by Albert H. Warren, 
Second Edition. Ornamental cloth, 15s. Antique morocco elegant, 21s. 

Christmas with the Poets : a Collection of English Poetry 
relating to the Festival of Christmas. Illustrated by Birket Foster, and 
with numerous initial letters and borders beautifully printed in gold and 
colours by Edmund Evans. New and improved Edition. Super royal Svo. 
Ornamental binding, 21s. Antique morocco, 81s. 6d. 




New and Standard Publications, 15 



THEN^ Cantabrigienses. By C. H. Cooper, F.S.A., 

and Thompson Cooper. Volume I. 1500 — 1585. 8vo. 18«> 
Vol. II. 1586—1609. 8to. 18*. 

This vrork, in illustration of the bi(^praphy of notable and 
eminent men who have been members of the University of Cambridge, 
comprehends notices of : — 1. Authors. 2. Cardinals, archbishops, bishops, 
abbots, heads ofreligions houses and other church dignitaries. 3. States- 
men, diplomatists, military and naval commanders. 4. Judges and emi- 
nent practitioners of the civil or common law. 5. Sufferers for religious 
or political opinions. 6. Persons distinguished for success in tuition. 7. 
Bminent physicians and medical practitioners. 8. Artists, musicians, 
and heralos. 9. Heads of colleges, professors, and principal officers of the 
university. 10. Benefactors to the university and colleges, or to the 
public at large. 

The Early and Middle Ages of England. By C. H. Pearson, 
M.A., Fellow of Oriel College, Oxford, and Professor of Modem History, 
King's College, Londoli. 8vo. 12*. 

History of England, from the Invasion of Julius CsBsar to the End 
of the Reign of G«orge II., by Hume and Smollett. With the Continua- 
tion, to Uie Accession of Queen Victoria, by the Bev. T. S. Hughes, B.D. 
late Canon of Peterborough. New Edition^ containing Historical Illustra- 
tions, Autographs, and Portraits, copious Notes, and the Author's last 
Corrections and Improvements. In 18 vols, crown 8to. As. each. 

Vols. I. to VI. (Hume's portion), \l. 4«. 

Vols. VII. to X. (Smollett's ditto), 16s. 

Vols. XI. to XVIII. (Hughes's ditto), 1/. Us, 

History of England, from the Accession of George HI. to the 
Accession of Queen Victoria. By the Rev. T. 8. Hughes, B.D. New 
Edition^ almost entirely re-written. In 7 vols. 8vo. 21. 13s. M. 

Choice Notes from '^ Notes and Queries," by the Editor. Fcap. 

8vo. 5s. each. 

Vol. I.— Histobt. Vol. II; — Folk Lo&s. 



?; 



Master Wace's Chronicle of the Conquest of England. Trans- 
lated from the Norman by Sir Alexander Malet, Bart., H.B.M. Pleni- 
jotentiary, Frankfort. With Photograph Illustrations of the Bayeauz 
tapestry. Medium 4to. Half-morocco, Roxburgh, 21. 2s. 

The Prince Consort's Addresses on Different Public Occasions. 
Beautifully printed by Whittingham. 4to. 10s. Qd. 

Life and Books ; or, Becords of Thought and Beading. By J. F. 
Boyes, M.A. Fcap. 8vo. 5s. ; calf, 8s. 6(/. 

life's Problems. ^econJ J^cft^'on, revised and enlarged. Fcap. 5«. 

Parliamentary Short-Hand (Official System). By Thompson 
Cooper. Fcap. 8vo. 2s. Qd. 

This is the system universcUly practised by the Government Official Re- 
porters. It has many advantases over the system ordinarily adopted, 
and has hitherto been inaccessible, except in a high-priced volume. 

Geology in the Garden : or, The Fossils in the Flint Pebbles. 
With 106 Illustrations. By the Rev. Henry Eley, M.A. Fcap. 8vo. 6s. 
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The Pleasures of Literature. By R. Aris Willmott, Incumbent of 
Bear- Wood. Fifth Edition, enlaxged. Fcap.Syo. 68. Morocco, 10s. 6d. 

A Popular Sketch of the Origin and Progress of the English 
Language. By the Hey. W. W. Bkeat, M.A. 12mo. U. 6d. 

Hints to Maid Servants in Small Households, on Manners, Dress, 
and Duties. By Mre. Mothorly. Fcap. 8vo. Is. Hd, 

A Wife's Home Duties; containing Hints to inexperienced 
Honsekeepers. Fci^. 8vo. 28. 6d. 

Halcyon : or Bod-Fishing in Clear Waters. By Henry Wade, 
Secretary to the Weardale Angling Association. Witn Coloured repre- 
sentations of the principal Flies, and other Illustrations. Cr. 8to. 7t. Qd, 




SERMONS. 

ARISH SERMONS. By the Rev. M. F. Sadler, M. A., 
Vicar of Bridgwater. Author of the ** Sacrament of Respon- 
sibility," and «' The Second Adam and the New Birth." Yol. L 
Advent to Trinity. Fc<4>. Sto. 78. 6d. 

Twenty-four Sermons on Christian Doctrine and Practice, and 
on the Church, By C. J. Blomfield, D.D., late Lord Bishop of Londoo. 
(^Hitherto unpubHsked.} Sto. lOt. 6d. 

King's College Sermons. By the Rer. E. H. Plumptre, M.A., 

Diyinity Professor. Fcap. Bto. 2s. 6d. 

Sermons preached in Westminster. By the Rev. C. F. Secretan, 
MJL.,uenmbettt of Holy Trinity, VauzhaU-Bridge Road. Fcap.8To. 6c. 

Sermons. By the Rey. A. Gatty, D.D., Vicar of Eodesfield. 

12mo. Ss. 

Twenty Plain Sermons for Country Congregations and Family 
Beading. By the Rev. A. Gatty, D.l5., Vicar of Kcclesfield. Fcap. 5c 

Sermons to a Country Conffregation— Advent to Trinity. By the 
Bev. Hastings Gbrdon, M. A. 12mn fU. 

Gospel Truths in Parochial Sermons for the Great Festivals. 
By the Rev. J. Townson, M.A. Fcap. 8yo. 28. 6d. 

The Bible and its Interpreters : being the Substance of Three 
Sermons preached in the Parish Church, St. Ann, Wandsworth. By 
James Booth, LL.D., Vicar of Stone, Buckinghamshire. 8vo. 2s. td. 

Four Sermons on the " Comfortable Words" in the Office for the 
Holy Communion. By Alexander Qoalen, B.A. Fcap. 8yo. 2s. 

W. R. Clark, M.A., Vicar of 
8to. 28. 6d. 

PftTOchial Sermons. By the Rev. D. G. Stacy, Vicar of Hom- 

ohnrch, Essex. Fcap. 8to. fit. 



The Prodigal Son. Sermons bv ^ 
Taunton, S. Mary Magdalene. Feap. 
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Sermons Suggested by the Miracles of our Lord and Saviour Jesus 
Christ. By the Very Rev. Deaa Hook. 2 vols. Fcap. 8vo. Vis. 

Five Sermons Preached before the University of Oxford. By the 
Very Bev. W. F. Hook, D.D., Dean of Chichester. Third EHiicn. 8t. 

Plain Parochial Sermons. By the Rev. C. P. C. Pigott, B.A., 
late Cnrate of St. Michael's, Handsworth. Foap. 8vo. 8«. 

Otir Privileges, Responsibilities, and Trials. By ihe Rev. £. 

Phillips, M.A. Fcap. 8to. 69. 

Sermons, chiefly Practical. By the Rev. T. Nunns, M. A. Edited 
by the Very Uev. W. F. Hook,JD.D., Dean of Chichester. Fcap. 8iro. 6«. 

Sermons, Preached in the Parish Church of Godalming, Surrey, 
by the Rev. £. J. Boyce, M.A., Vicar. Second Edition. Fcap. 8vo. of. 

Life in Christ By the Rev. J. Llewellyn Davies, M.A., Rector 
of Christ Chnreh, Marylebone. Fcap. Sto. 69. 

The Church of England ; its Constitution, Mission, and Trials. 
By the Rt Rev. Bishop Brooghton. Edited, with a Prefatory Memoir, by 
the Ven. Archdeacon Harrison. 8vo. IO9. 6d. 

Plain Sermons, Addressed to a Country Congregation. By the 
late E. Blenoowe, M.A. 1st and 3rd Series, fcap. Syo. 7«. 6(2. each. 

Occasional Sermons. By a Member of the Church of England. 
Fcap. 8to. 2s. Qd. 

Missionary Sermons preached at Hagley. Fcap. 3s. 6<2. 

The Sufficiency of Christ. Sermons preached during the Reading 
Lenten Mission of 1860. Fcap. 8vo. 2s. ed. 

Westminster Abbey Sermons for the Working Classes. Pcap. 
AtOhorised Edition. 1858. 2s. : 1869. 2s. 9d. 

Sermons preached at St. Paul's Cathedral. Authorized Ediiion. 
1859. Fcap. ^To. 2s. Qd. 




ALLY Readings for a Year, on the Life of Our Lord and 
Savionr Jesus Christ. By the Rev. Peter Young, MJL. Second 
Edition^ improTed. 2 vols. Crown 8yo. \T. Is. Antique 
calf, 1/. 16s. Morocco, Hayday, 2/. 

A Commentary on the Gospels for the Sundays and other Holy 
Days of the Christian Year. By the Rev. W. Denton, A.M., Worcester 
College, Oxford, and Incumbent of St.| Bartholomew's, Cripplegate. 
8vo. Vol. 1. Advent to Easter, 15s. Vol. II. £ast«r to the Sixteenth 
Sunday after Trinity, 14s. 

Lights of the Morning : or, Meditations for every Day in the 
Year. From the (German of Frederic Amdt. With a Preface by the 
Rev. W. C. Magee, D.D. Fcap. 8vo. Advent to Whitsuntide, 6t. 6tf. 
Trinity, 6s. 6d. 
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Short Sunday Evening Readings, Selected and Abridged from 
various Authors by the Dowager Countess of Cawdor. In large type. 
8to. 69. 

The Second Adam, and the New Birth ; or, the Doctrine of Bap- 
tism as contained in Holy Scripture. By the Rev. M. F. Sadler, M.A. 
Vicar of Bridgewater, Author of ** The Sacrament of Responsibility." 
Third Edition^ greatly enlarged. Fcap. Syo. 4f. 6d. 

The Sacrament of Besponsibility ; or, Testimony of the Scripture 
to the teaching of the Church on Holy Baptism, with especial reference to 
the Cases of Infants, and Answers to Objections. Sixtk Edition. 6d. 



The Acts 
Clarke 
7s. 6d. 



s and Writings of the Apostles. By C. Pickering 
, M. A., late Curate of Teddington. Post 8iro. Vol. I., with Map., 



The Spirit of the Hebrew Poetry. By Isaac Taylor, Esq., Au- 
thor of " The Natural History of Enthusiasm," " Ultimate Civilieation," 
&c. 8to. 10s. ed. 

Ciyilization considered as a Science in Relation to its Essence, its 
Elements^ and its End. By George Harris, F.S.A., of the Middle Temple, 
Barrister at Law, Author of '* The Life of Lord Chancellor Hardwicke." 
8to. Us. 

The Wisdom of the Son of David : an Exposition of the First 
Nine Chapters of the Book of Proverbs. Fcap. 8vo. 5s. 

A Companion to the Authorised Version of the New Testament : 
being Explanatory Notes, together with Explanatory Observations and 
an Introduction. By the Rev. H. B. Hall, B. C. L. Second and cheaper 
Edition^ revised and enlarged. Fcap. 8vo. 3s. 6d, 

A History of the Church of England from the Accession of 
James II. to the Rise of the Bangorian Controversy in 1717. By the 
Rev. T. Debary, M.A. 8vo. 14s. 

A Treatise on Metaphysics in Conif&xionwith Revealed Belig^on« 
By the Rev. J. H. MacMahon. 8vo. 14s. 

Aids to Pastoral Visitation, selected and arranged by the Rer. 
H. B. Browning, M.A., Curate of St. George, Stamford. 8vo. 6s. 

A Popular Paraphrase of St. Paul's Epistle to the Romans, with 
Notes. By the Rev. A. C. Bromehead, M.A. Crown 8vo. 8s. 6d. 

Remarks on Certain Offices of the Church of England, popularly 
termed the Occasional Services. By the Rev. W. J. Dampier. 12mo. 6s. 

The Sympathy of Christ. Six Readings for the Sundays in Lent, 
or for the Days of the Holy Week. By the Rev. W. J. Dampier, MA., 
Vicar of Coggeshall. Second JSdition. 18mo. 2s. Qd» 

On Party Spirit in the English Church. By the Ber. S. Robins. 
12mo. 2s. ed. 
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Papers on Preaching and Public Speaking. By a Wykehamist. 
Fcap. 8to. 6s. 

This Tolnme is an enlargement and extension, with corrections, of the 
Papers vhich appeared in the " Ghiardian " in 1858-9. 

The Speaker at Home. Chapters on Public Speaking and Beading 
aloud, by the Rev. J. J. Halcombe, M.A., and on the Physiology of Speech, 
by W. H. Stone, M.A., M.B. Second Edition. Fcap. 8vo. 3s. 6a. 

The English Churchman's Signal. By the Writer of " A Plain 
Word to the Wise in Heart." Pcap. 8vo. 2s. ed. 

A Plain Word to the Wise in Heart on our Duties at Church, and 
on our Prayer Book. Fourth Edition. Seved, Is. Qd. 

Register of Parishioners who have received Holy Confirmation. 
Arranged by William Eraser, B.C. L., Vicar of Alton. Oblong ito. 
7s. 6d. ; 10s. M. ; I2s. 

Headings on the Morning and Evening Prayer and the Litany. 
By J. S. Blunt. Second Edition^ enlarged. Fcap. 8ro. 8s. M. 

Confirmation. By J. S. Blunt, Author of " Readings on the 
Morning and Evening Prayer," &c. Fcap. 8vo. 3s. 6d. 

Ldfe after Confirmation. By the same Author. 18mo. If. 

Welchman on the Thirty -nine Articles of the Church of England, 
with Scriptural Proofs, &c. 18mo. 2s. or interleaved for Students, 3s. 

Bishop Jewel's Apology for the Church of England, with his 
famous Epistle on the Council of Trent, and a Memoir. S2mo. 2s. 

The Book of Psalms (Prayer Book Version). With Short Head* 

ings and Explanatory Notes. By the Rev. Ernest Hawkins, B.D., Pre- 
bendary of St. Paul's. Second and cheaper Edition, revised and enlarged, 
Fcap. 8vo., cloth limp, red edges, 2s. 6a. 



Family Prayers : — containing Psalms, Lessons, and Prayers, for 
every Morning and Evening in the Week. By the Rev. Ernest Hawkins, 
B.D., Prebendary of St. Paul's. Eighth Edition. Fcap. 8vo. Is. ; sewed, 9d. 



Household Prayers on Scriptural Subjects, for Four Weeks. 
With ^orms for various occasions. By a Member of the Church of Eng- 
land. Second Edition, enlarged. 8vo. is. 6d. 
« 

Forms of Prayer adapted to each Day of the Week. For use 
in Families or Households. By the Rev. ^ohn Jebb, D.D., 8vo. 2s. 6d. 

Walton's Lives of Donne, Wotton, Hooker, Herbert, and San- 
derson. A New Edition, to which is now added a Memoir of Mr. Isaac 
Walton, by William Dowling, Esq. of the Inner Temple, Barrister-at- 
Law. With Illustrative Notes, numerous Portraits, and other Engrav- 
ings, Index, &c. Crown 8vo. lOs. 6d. Calf antique, lbs. Morocco, 13s. 

The Life of Martin Luther. By H. Worsley, M. A., Eector of 

Easton, SulFolk. 2 vols. 8vo. 1/. 4f. 



20 Messrs, Bell and Daldy^s 

The Church Hymnal, (with or without Psalms.) 12mo. Large 
Type, Is. M. 18mo. U. 82mo. for Parochial Schools, 6d. 

This book is now in ose in every English Diocese^ and is the Authorized 
Book in some of the Colonial Dioceses. 

Three Lectures on Archbishop Cranmer. By the Bey. C. J. 

Burton, M.A., Chancellor of Carlisle. 12mo. 8c. 

Church Beading : according to the method advised by Thomas 
Sheridan. By the Rev. J. J. Halcombe, M.A. 8to. 3s. Bd. 

The Kafir, the Hottentot, and the Frontier Farmer. Passages 
of Missionary life from the Jonmals of the Ven. Archdeacon Merriman. 
Illustrated. Fcap. 8to. 9s. Qd. 

Lectures on the Tinnevelly Missions. By the Bev. Dr. Caldwell, 
of Edeyenkoody. Crown 8to. 28. 6d. 

The " Cruise of the Beacon." A Narrative of a Visit to the 
Islands in Bass's Straits. By the Right Bev. the Bishop of Tasmania. 
With Illustrations. Crown 8vo. 6s. 

%** Messrs. Bell and Daldy are agents for all the other Publications of 
the Society for the Propagation of the Qospel in Foreign Parts. 

The Sweet Psalmist of Israel ; or, the Life of David, King of 
Israel ; illustrated by his own Psalms, newly versified in various metres. 
By the Bev. William Shepherd, B.D. Fcap. Svo. 6s. 

Giles Witheme ; or, The Beward of Disobedience. A Village 
Tale for the Young. By Raven Witheme. New Edition^ preparing. 

The Disorderly Family ; or, the Village of B * * * *. A Tale for 
Young Persons. In Two Parts. By a Father. Qd. ; Cloth, gilt edges, 1«. 




Bt the Bbv. J. Ebbkinb Claske, of Derby. 

EABT Music, for the Hearth-Bing; the Street-Walk; 

the Country Stroll; the Work- Hours; the Rest-Day; the 
Trouble-Time. New Edition, Is. paper; Is. 9d. cloth limp. 

The Giant's Arrows. A Book for the Children of 

Working People. 16mo. 6d. ; cloth, Is. 

Children at Church. Twelve Simple Sermons. 2 vols. 1$, each ; 
Is. 6d. cloth, gilt ; or together in 1 vol. cloth gilt, 2s. 6d. 

Little Lectures for Little Folk. 16mo. Is. 

Plain Papers on the Social Economy of the People. Fcap. 8vo. 
2a. ed. 

No. 1. Recreations of the People. — No. 2. Penny Banks. — No. 8. L^ 
bourers' Clubs and Working Men's Refreshment Rooms.-— No. i. ChUdren 
of the People. Qd. each. 
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Wt^t Bebottcnal Etiitars* 

Edited^by the Very Rev. W. F. Hook, D.D., Dean of Chichester. 

A Series of Works, oriffinal or selected from well-known Chni'ch of Eng- 
land Divines, published at the lowest price, and suitable, from 
their practical character and cheapness, for 
Parochial distribution. 

HOBT Meditations for Every Day in the Tear. 2 vols. 
(1260 pages,) 82mo. Cloth, 6t. ; calf, gilt edges, 9s. Calf 
antique, 12a. 

In Separate Boats. 

ADVENT to LENT, cloth, 1«. ; limp calf, gilt edges, 28. M. ; 
LENT, cloth, 9d. ; calf, 2«. ^. EASTER, cloth, 9d. ; calf, 2«. ^. TRI- 
NITY, Part I. 1*. ; calf, 2«. 6d. TRINITY, Part II. Is. ; calf, 2s. 6d. 

*^* Large Paper Edition^ 4 vols. fcap. 8vo. large type. lis. Morocco, dOt. 

The Christian taught by the Church's Services. (490 pages), 
royal S2mo. Cloth, 2s. Qd. ; calf, gilt edges, 4s. Qd. Calf antique, ds. 

In Separate Parts. 

ADVENT TO TRINITY, cloth, U. ; limp calf, gilt edges, 2*. 8rf. TRI- 
NITY, cloth, Sd. : calf, 2s. 2d. MINOR FESTIVALS, 8d. ; calf, 2s. 2d. 
\* Large Paper Edition, Fcap. 8to. large type. Us. M. Calf antique, or 
morocco, lis. id, 

l>evotions for Domestic Use. S2mo. cloth, 2s. ; calf, gilt edges, 
4s. Calf antique, 5s. 6d. Containing : — 

The Common Prayer Book the best Companion in the Family as well 

as in the Temple, dd. 
Litanies for Domestic Use, 2d. 
FamilyPrayers ; or, Morning and Evening Services for every Day in 

the Week. By the Bishop of Salisbury ; cloth, M. ; calf, 2s. 
Bishop Hall's Sacred Aphorisms. Selected and arranged with the 

Texts to which they refer. By the Rev. R. B. Exton, M.A. ; cloth, 9d. 

%* These are arranged together as being suitable for Domestic Use ; but 
Uiey may be had separately at the prices affixed. 

Aids to a Holy Life. First Series. 32mo. Cloth, Is. 6d. ; calf, 
gilt edges, ds. 6d. Calf antique, 6s. Containing : — 

Prayers for the Young. By Dr. Hook, Jrf. 

Pastoral Address to a Young Communicant. By Dr. Hook, ^d. 

Helps to Self-Examination. By W. F. Hook, D.D., id. 

Directions for Spending One Day Well. By Archbishop Synge, M. 

Rules for the Conduct of Human Life. By Archbishop Synge. 1^. 

The Sum of Christianity, wherein a short and plain Account is given 
of the Christian Faith ; Christian's Duty ; Christian Prayer ; Chris- 
tian Sacrament. By C. Ellis, Id. 

Ejaculatory Prayer ; or, the Duty of Offering up Short Prayers to God 
on all Occasions. By R. Cook. 2d. 

Prayers for a Week. From J. Sorocold, 2d. 

Companion to the Altar; being Prayers, Thanksgivings, and Medita- 
tions. Edited by Dr. Hook. Cloth, 6^. 

%* Any of the above may be had for distribution at the prices affixed ; they 
are arranged together as being suitable for Young Persons and for Pri- 
vate Devotion. 
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The Devotional Library continued. 

Aids to a Holy Life. Second Series. 32mo. Cloth, 2s. ; calf, 
gilt edges, is. Calf antiqaei 5«. M. Containing : — 
Holy Thoughts and Prayers, arranged for Daily Use on eacjh Day in 

the Week, dd. 
The Retired Christian exercised on Divine Thoughts and Heavenly 

Meditations. By Bishop Ken. ^. 
Penitential Reflections for the Holy Season of Lent, and other Days of 

Fasting and Abstinence during the Year. M. 
The Crucified Jesus; a Devotional Conunentary on the XXII and 

XXIII Chapters of St. Luke. By A. Homeck, D.D. Zd. 
Short Reflections for every Morning and £vening during the Week. 

By N. Spinckes, 2(f. 
The Sick Man Visited ; or. Meditations and Prayers for the Sick Roem. 
By N. Spinckes, &<. 
%* These are arranged together as being suitable for Private Meditation and 
Prayer 7 they may be had separately at the prices affixed. 

Helps to Daily Devotion. 32mo. Cloth, 8<2. Containing : — 
The Sum of Christianity, \d. 
Directions for spending One Day Well, \d. 
Helps to Self-£xamination, \d. 
Short Reflections for Morning and Evening, 2d. 
Prayers for a Week, 2d. 

The History of our Lord and Saviour Jesus Christ ; in Three 
Parts, with suitable Meditations and Prayers. By W. Reading, M.A. 
82mo. Cloth, 2s. ; calf, gilt edges, is. Calf antique, bs. 6d. 

Hall's Sacred Aphorisms. Selected and arranged with the Texts 
to which they refer, by the Rev. R. B. Exton, M.A. 32mo. cloth, 9d. ; 
limp calf, gilt edges, 25. 3d. 

Devout Musings on the Book of Psalms. 2 vols. 32mo. Cloth, 
5«. ; calf, gilt edges, 9s. ; calf antique, 12s. Or, in four parts, price Is. 
each ; limp calf, gilt edges, 2s. 6d. 

The Church Sunday School Hymn Book. 32mo. doth, Sd. ; calf, 
gilt edges, 2s. 9d. 
%* A Large Paper Edition for Prizes, &c. Is. 9d. ; calf, gilt edges, Ss. 6d. 




HORT Meditations for Every Day in the Year. Edited 
by the Very Rev. W. P. Hook, D.D. New Edition, 4 vols, 
fcap. 8vo., large type, 145. ; morocco, 305. 

The Christian taught by the Church's Services. Edited 
by the Very Rev. W. F. Hook, D. D. New Edition^ fcap. 8vo. large type, 
6r. 6d. Antique calf, or morocco, II5. 6d. 

Holy Thoughts and Prayers, arraneed for Daily Use on each 

Day of theWeek, according to the stated Hours of Prayer. Fifih EditUm^ 
with additions. 16mo. Cloth, red edges, 25. ; calf, gilt edges, Zs. 

A Companion to the Altar. Beinff Prayers, Thanksgivings, and 
Meditations, and the Office of the Holy Communion. Edited by the Very 
Rev. W. F. Hook, D. D. Second Edition. Handsomely printed in red 
and black. Z2mQ. Cloth, red edges, 25. Morocco, 35. 6c{. 

The Church Sunday School Hymn Book. Edited by W. F. 
Hook, D.D. Large paper. Cloth, I5. 6<2. ; calf, gilt edges, S5. 6rf. 

%* For cheap editions of the above Five Books, see List of the Devotional 

Library. 



New and Standard Publications, 23 




EDUCATIONAL BOOKS. 

A Series of Greek and Latin Anthors. With English Notes. 8to. Edited 
by yarions Scholars, nnder the direction of G. ]x>ng, Esq., M.A., Classical 
Lecturer of Brighton College : and the late Bot. A. J. Macleane, M.A., 
Head Master of King Edward's School, Bath. 

ESCHYLUS. By F. A. Paley, M.A. 18». 

Cicero's Orations. Edited by G. Long, M.A. 4 vols. 
Vol. I. Ifts.; Vol. II. 14a; Vol. III. 16».; Vol. IV. 18*. 

Demosthenes. By R. Whiston, M. A., Head Master of Rochester 

Grammar School. Vol. I. 109. Vol. II. preparing. 

Euripides; By F. A. Faley, M.A. 3 vols. 16s. each. 

Herodotus. By J. W. Blakesley, B.D., late Fellow and Tutor of 
Trinity College, Cambridge. 2 vols. 325. 

Hesiod. By F. A. Faley, M. A. 10». Grf. 

Horace. By A. J. Macleane, M.A. 18s. 

Juvenal and Fersius. By A. J. Macleane, M.A. 14s. 

Sophocles. ByF.H.BlaydeSjM.A. Vol.1. 18s. Yo\,ll,prepan»g, 

Terence. By E. St. J. Farry, M.A., Balliol College, Oxford. 18s. 

Virgil. By J. Conin?ton, M.A., Frofessor of Latin at Oxford. 
Vol. I. containing the Bucolics and Georgics. 12f. ^6\.. 11. in the preu. 

Plato. By W. H. Thompson, M.A. Vol. L [Preparing. 



®tammaT>ScJ^ooI (SXvi%m%. 

A Series of Greek and Latin Authors. Newly Edited, with English 
Notes for Schools. Fcap. Sto. 

CAESARIS Commentarii de Bello Gallico. Seeond 
Edition. By G. Long, M.A. 5s. 6c{. 

Caesar de Bello Gallico, Books 1 to 3. With English 
Notes for Junior Classes. By G. Long, M.A. 2s. 6d. 

M. Tullii Ciceronis Cato Major, Sive de Senectute, Laelius, Si's-e 
de Amicitia, et Epistolae Selectae. By G. Long, M.A. it. Qd. 

Qaintl Horatii Flacci Opera Omnia. By A.- J. Macleane, 6s. M, 
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Grammar-school Classics continued, 

F. Oyidii Nasonis Fastorum Libri Sex. By F. A. Paley. 5<. 

C. Sallustii Crispi Catilina et Jugurtha. By G. Long, M.A. 5s. 

Taciti Germania et Agricola. By P. Frost, MA. 3«. 6df. 

Xenophontis Anabasis, with Introduction: Geographical and 
otner Notes, Itinerary, and Three Maps compiled fh)in recent surveys. 
By J. F. Macmichael, B.A. JVeu; Edition. &s. 

Xenoj^ontis Cyropaedla. By G. M. Gorham, M. A., late Fellow 
of Trinity College, Cambridge. Qs. 

Umform uhth the above. 

The New Testament in Greek. With English Notes and Prefaces 
by J. F. Macmichael, B.A. 730 pages. Is. ihf. 



<!i:amtitttrge exttt antr Eattn tiTexte. 

This series is intended to snpply for the use of Schools and Students cheap 
and accurate editions of the Classics, which shall be superior in mechaniciu 
execution to the small Gkrman editions now current in this country, and more 
convenient in form. 

The texts of the Bibliotheca Classim and Grammar School Classics^ so far 
as they have been published, will be adopted. These editions have taken 
their place amongst scholars as valuable contributions to the Classical Litera- 
ture of this country, and are admitted to be good examples of the judicious 
and practical nature of English scholarship ; and as the editors have formed 
their texts firom a careful examination of the best editions extant, it is believed 
that no texts better for general use can be found. 

The volumes will be well printed at the Cambridge University Press, in a 
lOmo. size, and will be issued at short intervals. 

■ ESCHYLUS, ex novissima recensione F. A. Paley. 3$. 

Csesar de Bello G«llico. ex recensione G. Long, A.M. 25. 

Cicero, de Senectute et de Amicitia et Epistolss Selectse, 
ex recensione G. Long, A.M. Is. 6d, 

Euripides, ex recensione F. A. Paley, A. M. 3 vols. 3s. 6cf. each. 

Herodotus, ex recensione J. W. Blakesley, S.T.B. 2 vols. 7«. 

Horatius, ex recensione A. J. Macleaue, A.M. 28. 6<2. 

Lucretius, recognovit H. A. J. Munro, A.M. 28. QcL 

lliucydides, ex recensione J. G. Donaldson, S.T.P. 2 vols. li. 

Vergilius, ex recensione J. Conington, AM. 3«. 6d, 

Xenophontis Anabasis, ex recensione J. F. Macmichael, B.A. 

[Shortly. 

Novum Testamentum Graecum Textus Stephanie!, 1550. Acce- 
dunt variae Lectiones editionum Bezae, Else^ori, Lachmanni, Tiachen- 
dorfli, Tregellesii, curaute F. H. Scrivener, A.M. 4«. 6rf. 
Also, on 4to. writing paper, for MSS. notes. Half bound, gilt top, I2i. 
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With English Notes for Schools. Uniform with the Grammar School 

Classics. Fcap. 8to. 

.VENTURES de T^Mma(]^ue, par F^nelon. Edited by 
C. J. Delille. Second Editum^ revised, is. 6d. 

Histoire de Charles XII. par Voltaire. Edited by 
L. Direy. Second Edition, revised. Zs. 6d. 

Select Fables of La Fontaine. Second Edition, revised. Edited by 
F. Oasc, M.A. 35. 

*' None need now be afraid to introduce this eminently French author, 
either on account of the difficulty of translating him, or the occasional 
licence of thought and expression in which he indulges. The renderings 
of idiomatic passages are unusually good, and the purity of English per- 
fect." — Athenaum. 

Fiociola, by X. B. Saintine. Edited by Dr. Dubuc. 3s. 6d, 

This interesting story has been selected with the intention of providing 
for schools and young persons a good specimen of contemporaiy French 
literature, free from the solecisms which are frequently met with in writers 
of a past age. 

The Wallenstein of Schiller, ^ith Notes by Dr. A. Buchheim. 

[Immediately. 




OTABILIA Qusedam : or, the principal tenses of such 
Irregular Qreek Verbs and such elementary Greek, Latin, 
and French Constructions as are of constant occurrence. Is. Qd. 

Greek Accidence. By the Rev. F. Frost, M. A. Is. 

Latin Accidence. By^the Hev. F. Frost, M. A. Is. 

Latin Versification, li. 

The Principles of Latin Syntax. Is, 

Homeric Dialect : its leading Forms and Peculiarities. By J. S. 
Baird. T.C.D. Is. 6d. 

A Catalogue of Greek Verbs, Irre^lar and Defective; their 
leading formations, tenses in use, and dialectic inflexions ; with a copious 
Appendix, containing Paradisms for conjugation, Rules for formation of 
tenses, &c. &c. By JT S. Baira, T.C.D. New Edition, revised. Ss. 6d. 

Richmond Rules to form the Ovidian Distich, &c By J. Tate, 

M.A. New Edition, revised. Is. 6d. 



^N Atlas of Classical Geography, containing 24 Maps ; 
constructed by W. Hughes, and eaited by G. Long. New Edi- 
tion, with coloured outlines, and an Index of Places. 12s, 6d. 

A Grammar School Atlas of Classical Geography. The 
Maps constructed by W. Hughes, and edited by G. Long. Imp. 8vo. 5s. 

First Classical Maps, with Chronological Tables of Grecian and 
Roman History, Tables of Jewish Chronology, and a Map of Palestine. 
By the Rev. J. Tate, M.A. Third Edition. Imp. 8vo. Is. td. 
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The Choephorae of ^schylus and its Scholia. Bevised and in- 
terpreted by J. F. l^avies, Esq., B|A., Trinity College, Dublin. 8to. 

[In the I^ess. 

A Latin Grammar. By T. Hewitt Key, M.A., F.R S. , Professor 
of Comparative Ghrammar, and Head Master of the Junior School, in 
University College. Third Edition^ revised. Post 8vo. 8«. 

A Short Latin Grammar, for Schools. By T. H. Key, M.A., 

F.R.8. Third Edition. PostSvo. Zs.^d. 

Latin Accidence. Consisting of the Forms, and intended to pre- 
pare boys for Key's Short Latin Qrammar. Post Svo. 25. 

Rules for the Grenders of Latin Nouns, and the Perfects and Su- 
pines of Verbs ; with hints on Construing, &c. By H. Haines, M.A. \s. 6d. 

Materials for Latin Prose Composition. By the Bev. F. Frost, 
M.A., St. John's College, Cambridge. Second Edition. 12mo. 2s. Qd. Key, 4s. 

The Works of Virgil, closely rendered into English Rhythm, and 
illustrated from British Poeto of the 16th, 17th, and 18th Centuries. By 
the Rev. R. C. Singleton, M.A. 2 vols, post 8vo. IBs. 

Quintus Horatius Flaccus. Illustrated with 50 Engravings from 
the Antique. Fcap. 8vo. 68. Morocco, 0s. 

Selections from Ovid : Amores, Tristia, Heroides, Metamorphoses. 
With English Notes, by the Rev. A. J. Macleane, M.A. Fcap. 8vo. Ss. €d. 

Sabrinae Corolla in hortulis Regiae Scholae Salopiensis con- 
texuemnt tres viri floribns legendis. Editio Altera. 8 vo. 12s. Morocco, 21s. 

A First Cheque Book for Latin Verse Makers. By the Rev. 
F. Ghretton, Stamford Free Ghrammar School. Is. dd. Key, 2s. 6d. 

This little volume contains about 60 sets of verses, graduated in di£S- 
culty : — the exercise is to be torn out by the Master, and the paper is to be 
handed up by the boy when he has written the Latin Version underneath. 

Reddenda ; or Passages with Parallel Hints for translation into 
Latin Prose and Verse. By the Rev. F. E. Gretton. Crown 8vo. 4s. 6d. 

Auxilia Graeca ; containing Forms of Parsing and Greek Trees, 
the Greek Prepositions, Rules of Accentuation, Greek Idioms, &c. &c. 
By the Rev. H. Fowler, M.A. 12mo. 8s. Qd. 

Rudimentary Art Instruction for Artisans and others, and for 
Schools. FREEHAND OUTLINE. Part I. Outlinb ritoii Outlikb, 
or from the Flat. 3s. Part II. Outlikb fbok Objbcts, or from the 
Round. 4s. By John Bell, Sculptor. Oblong ito. 

A Graduated Series of Exercises in Elementary Algebra, with an 
Appendix containing Papers of Miscellaneous Examples. Designed for 
the Use of Schools. By the Rev. G. F. Wright, M.A., Mathematical 
Master at Wellington College. Crown 8vo. Ss. 9d. 

The Elements of Euclid, Books L—VI. XI. 1—21 : XII. 1, 2 ; 

a new text, based on that of Simson, with Exercises. Edited by H. J. 
Hose, late Mathematical Master of Westminster School. Fcap 4s. ft/. 
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A Gradaated Series of Exercises on the Elements of Euclid : 
Books I.— VI. ; XI. 1~2I ; XII. 1, 3. Selected and arranged by Henry 
J. Hose, M.A. 12mo. \8. 

The Enunciations and Figures belonging to the Propositions in 
the First Six and part of the Eleventh Books of Enclid's Elements, 
(psaally read in the Universities,) prepared for Stndents in Geometry. 
By the Rev. J. Brasse, D.D. New Edition. Fcap. 8vo. Is. On cards, 
in case, bs. ed. ; without the Fignres, 6d. 

A Table of Anti-Logarithms; containing to seven places of deci- 
mals, natnral numbers, answering to all Logarithms from -00001 to '99999 ; 
and an improved table of (Janss* Logarithms, by which may be found the 
Logarithm of the sum or difference of two quantities. With an Appendix, 
containing a Table of Annuities for three Joint Lives at 3 per cent. Car- 
lisle. By H. E. Filipowski. Third Edition. 8vo. 15s. 

Handbook of the Slide Bule ; showing its applicability to Arith- 
metic, including Interest and Annuities ; Mensuration, including Land 
Surveying. With numerous Examples and useful Tables. By W. H. 
Bayley, H. M. East India Civil Service. I2mo. fts. 

The Mechanics of Construction ; including the Theories on the 
Strength of Materials, Roofs, Arches, and Suspension Bridges. With 
numerous Examples. By Stephen Fenwick, Esq., of the Royal Military 
Academy, Woolwich. 8vo. 12s. 



A New Fbench Coubbe, bt Mons. F. E. A. Gasc, MA. 
French Master at Brighton Colkge. 

|E Petit Compagnon: a French Talk-book for Little 
Children. With numerous woodcuts. 16mo. Zs.M. [Shortly. 




First French Book ; bein? a New, Practical, and Easy 
Method of Learning the Elements of the French Language. 
New Edition. Fcap. Svo. 1«. 6d. 

French Fables, for Beginners, in Prose, with an Index of all the 
words at the end of the work. Fcap. Svo. 2s. 

Second French Book ; bein? a Grammar and Exercise Book, on 
a new and practical plan, exnibiting the chief peculiarities of the French 
Language, as compared with the English, and intended as a sequel to th« 
" First French Book." Fcap. Svo. 2*. 6d. 

A Key to the First and Second French Books. Fcap. 8to. Ss. 6d. 

Histoires Amusantes et Instructives ; or. Selections of Complete 
Stories from the best French Authors, who have written for the Young. 
With English Notes. New Edition. Fcap. Svo. 2s. M. 

Practical Guide to Modem French Conversation : containing : — 
I. The most current and usefbl Phrases in Every-Day Talk ; II. Every- 
body's Necessary Questions and Answers in Travel-Talk. Fcap. 2s. 6d. 

French Poetry for the Young. With English Notes, and pre- 
ceded by a ^w plain Rules of French Prosody. Fcap. Svo. 2s. 

Materials for French Prose Composition ; or, Selections from the 
best English Prose Writers. Wiw copious Foot Notes, and Hint8 for 
Idiomatic Renderings. New Edition. Fcap. Svo. 45. Qd. Kev, 6s. 
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HE French Drama ^ beins; a Selection of the best Tra- 

gedies and Comedies of Molidre, Racine, P. Gorneille, T. 
orneille, and Voltaire. With Arguments in Enf^lish at the 
head of each scene, and Notes, Critical and Explanatory, by 
A. Gombert. 18mo. Sold separately at Is. each. Half- 



bound, Is. 6d. each. 



Le Misanthrope. 

L'Avare. 

Le Bourgeois (3entiIhomme. 

Le Tartuffe. 

Le Malade Imaginaire. 

Lea Femmes Savantes. 

Les Fourberies de Scapin. 



COMKDISS BT MOLIERS. 

Les Pr^cieuses Ridienles. 
L'Ecole des Femmes. 
L'Ecole des Maris. 
Le Medecin Malgr6 Lui. 
M. de Pouceaugnac. 
Amphitryon. 



TaAQEDIUS, &C. Br BACINE. 



La Th^baVde, on lea Fr^res 

Ennemis. 
Alexandre le Grand. 
Andromaque. 

Les Plaideurs, (Com.) * 
Britannicos. 
Berenice. 


Bajazet. 

Mithridate. 

Iphigenie. 

Phedre. 

Esther. 

Athalie. 




TBAaXDIXS, &C. BT P. CORXEILLE. 


LeCid. 
Horace. 
Cinna. 
Polyeucte. 




Pomp^. 

BT T. COBNBILLE 

Ariane. 




PLATS BT YOLTAIBB. 


Brutus. 
Zaire. 
Alzire. 
Orestes. 




Le Fanatisme. 

Merope. 

La Mort de Cesar. 

Semiramis. 



Le Nouveau Tr&or : or, French Student's Companion : designed 
to facilitate the Translation of English into French at Sight. Thirteenth 
mition, with Additions. By M. E**» 8»***». 12mo. Roan, Zs. 6rf. 

A Test'Book for Students: Examination Papers for Students 
preparing for the Universities or for Appointments in the Army and 
Civil Ser\'ice, and arranged for General Use in Schools. By the Rev. 
Thomas Stantial, M.A., Head Master of the Grammar School, Bridg- 
water. Part I. — History and Greography. 2s. 6c/. Part II. — Language 
and Literature. 2s. 6d. Part III. — Mathematical Science. 25. Gd. Part 
IV. — Physical Science. Is. 6d. Or in I vol., Crown 8vo., 7s. 6d. 

Tables of Comparative Chronology, illustrating the division of 
Universal History into Ancient, Medieeval, and Modern History; and 
containing a System of Combinations, distinguished by a particular type, 
to assist the Memory in retaining Dates. By W. £. Bickmore and the 
Rev. C. Bickmore, M.A. Third Edition. 4to. 5s. 

A Course of Historical and Chronological Instruction. By W. 
E. Bickmore. 2 Parts. 12mo. 3s. 6d. each. 

A Practical Synopsis of English History : or, A General Sum* 
mary of Dates and Events for the use of Schools, and Candidates for Public 
Examinations. By Arthur Bowes. Third Editiony enlarged. Svo. 2s. 
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The Student's Text-Book of English and General History, from 

B. c. 100 to the present time. With Genealogical Tables, and a Sketch 
of the English Constitntion. B7 D. Beale. Sixth Edition. Post 8iro. 
Sewed, '2s. Cloth, 2s. 6d. 

^ This is yeiy mnch in advance of most works we have seen devoted ts 
similar purposes. We can award very high praise to a volume which 
may prove mvalnable to teachers and tangnt." — Athetueum. 

The Elements of the English Language for Schools and Colleges, 
By Ernest Adams, Ph. D. University College School. New Edition, en- 
larged. [In the Press. 

The Geographical Text-Book ; a Practical Geography, calculated 

to facilitate the study of that useful science, by a constant reference to 

the Blank Maps. By M. E . . . S 12mo. 2s. 

II. The Blank Maps done up separately, ito. 2s. coloured. 

Under Government : an Official Key to the Civil Service, and 
Guide for Candidates seeking Appointments under the Crown. By Joseph 
Charles Parkinson, Inland Revenue, Somerset House. New Edition. 

[Preparing. 

Government Examinations ; being a Companion to *^ Under 
Government," and a Guide to the Civil Service Examinations. By J. C. 
Parkinson. Crown 8vo. 2s. Qd. 

The Manual of Book-keeping ; by an Experienced Clerk. 12mo. 
Eighth Edition, As, 

Double Entry Elucidated. By B. W. Foster. 4to. 8«. 6<2. 

Penmanship, Theoretical and Practical, Illustrated and Explained. 
By B. F. Foster. I2mo. New Edition. 2s. Qd. 

Goldsmith's (J.) Copy Books : five sorts, large, text, round, small, 
and mixed. Post 4to. on fine paper. Bs. per dozen. 

The Young Ladies' School Record : or. Register of Studies and 

conduct. 12mo. 6d. 

A Short Explanation of the Epistles and Gospels of the Christian 
Year, with Questions for Schools. Royal 82mo. Ss. 6(2. ; calf, 4f . 6d. 

Manual of Astronomy : a Popular Treatise on Descriptive, Phy- 
sical, and Practical Astronomy. By John Drew, F.B.A.S. Second Eai' 
tion. Fcap. 8vo. 5;. 

The First Book of Botany. Being a Plain and Brief Introduction 
to that Science for Schools and Young Persons. By Mrs. Loudon. Il- 
lustrated with 36 Wood Engravings. Second Edition. I8mo. Is. 

A Handy Book of the Chemistry of Soils. By John Scoffem. 
M. B. Crown 8vo. [Jn the Press. 

English Poetry for Classical Schools 5 or, Florilegium Poeticum 
Anglicannm. 12mo. Is. 6d. 

Hints and Helps for Youths leaving School. By the Rev. J. S. 

Gilderdale, M.A. Fcap. 8vo. 5s. Calff, Ss. Cd. 
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Bbll Airo Daldt's Illustbatbd School Books. 

Royal 16mo. 

CHOOL Primer. 6d. 
School Reader. Is. \_8hortly. 

Poetry Book for Schools. If. 



Cou&SB OP Instruction fob thb Youno, by Hobagb 

Qbant. 

XERCISES for the Improyement of the Senses ; for 
Young Childdren. 18mo. 1». W. 

Geography for Young Children. New Edition. 18mo. 2s. 

Arithmetic for Young Children. Nao Edition, 18mo. Is. 6A 

Arithmetic. Second Stage. New Edition. 18mo. 3s. 





PERIODICALS. 

OTES and Queries : a Medium of Intercommunication 
for Literary Men, Artists, Antiquaries, Gtenealogists, &c. 

Published every Saturday. 4to. 4g{., stamped, bd. 
Vols. I. to XII. Second Series now ready, lOs. dtf. each. 
%* General Index to the First Series, 5s. 
Second Series, 5s. 



The Monthly Medley for Happy Homes. A New Miscellany 
for Children i Conducted by the llev. J. Erskine Clarke. Price \d. 
Volumes for 1860 and 1861, Is. 6<2. each. 

The Parish Magazine. Edited by J. Erskine Clarke, M.A., 
Derby. Monthly, price li. Volumes for 1859, 1860, and 1861, Is. 6flL and 
2s. each. 

The Mission Field : a Monthly Hecord of the Proceedings of the 
Society for the Propi^^tion of the Qospel. Vols. II. to VI. post 8vo. 3s. 
each. (Vol. I. is out of print.) Continued in Numbers, 2d, each. 

The Gospel Missionary. Published for the Society for the Pro- 
pagation of the Gospel in Foreign Parts, Monthly at \i. Vols. II. to 
Xf. in cloth, Is. each. (Vol. I. is out of print.) 

Missions to the Heathen ; being Records of the Progress of the 
Efforts made by the Society for the Propagation of the Gospel in Foreign 
Parts for the Conversion of the Heathen. Published occasionally in a 
cheap form for distribution, at prices varying from Id, to Is. Qd, each. 
Nos. 1 to 48 are already published. 

Church in the Colonies, consisting chiefly of Journals by the 
Colonial Bishops of their Progress and Special Visitations. Published 
occasionally at prices rarying firam 2d, to Is. 6(^. each. Nos. 1 to 87 are 
already published. 
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LARKE'S COPY-BOOKS. Price Sd. Extra 

Size, on Fine Paper, 6d. 

The First Copy-Book contains elemewteay turns, with a broad 
mark like a T, which divides a well-formed turn into two equal parts. This 
exercise enables the learner to judge of /orm, distance, and proportion. 

The Sbcond contains large-hcmd letters, and the means by which such 
letters may be properly combined ; the joinings in writing being probably as 
difficult to learn as the form of each chai«cter. This book also gives the whole 
alphabet, not in separate letters, but rather as one word; and, at the end of 
the alphabet, the difficult letters are repeated so as to render the writing of the 
pupil more thorough and taaform. 

The Thibd contains large-fumd words, commencing with vn/iourished 
capitals; and the words being short, the capitals in question receive the 
attention they demand. As Large, and Extra Large-text, to which the fingers 
of the learner are not equal, have been dispensed with in this series, the 
popular objection of having too many Copy-books for the pupil to drudge 
through, is now fairly met. When letters are very large, the scholar cannot 
compass them without stopping to change the position of his hand, which 
destroys tha freedom which such writing is intended to promote. 

The Fourth contains the essentials of a useAil kind of small-hand. There 
are first, as in large-hand, five easy letters of the alphabet, forming four 
copies, which of course are repeated. Then follows the remainder of the 
alphabet, with the difficult characters alluded to. The letters in this hand, 
especially the a, c, d, g, o, and q, are so formed that when the learner will 
have to correspond, his writing will not appear stiff. The copies in this book 
are not m^re Large-hand reduced. 

The Fifth contains smali-hand copies, with instructions as to the manner 
in which the pupil should hold his pen, so that when he leaves school fte may 
not merely have some facility in copying, but really possess the information 
on the subject of writing which he may need at any future time. 

The Sixth contains the foundation for a style of small'hand, adapted to 
females, moderatdy pointed. 

The Sbvknth contains copies fbr females ; and the holding of the pen is, of 
eourse, the subject to which they specially relate. 

This iSeries is speciaUy adapted for those who are preparing far a commercial 
Itfe. It is generally found when a boy leaves school that his writing is of such 
a character that it is some months before it is available for book-keeping or 
accounts. The special object of this Series of Copy-Books is to form his writing 
in mcA a style that he may be put to the work of a counting-house at once. By 
following this course from thejirst the writing is kept free and legible, whilst it 
avoids unnecessary flourishing. 

Specimens of hand-writing after a short course may be aeen on appUcOUon to 
the Publishers. 
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KET ^!^OLUME£ 

A SERIES OF SELECT WORKS OF 
FAVOURITE AUTHORS. 

'HE intention of the Publishers is to produce a Serie ^ 
Volumes adapted for ^neral reading, moderate in p- , 
compact and elegant m form, and executed in a s./jj 
fitting them to be permanently preserved. j 

They do not profess to compete with the so-called cheap yolumes.1 
They believe tnat a cheapness which is attained by the use of 
inferior type and paper, and absence of editorial care, and which, 
results in volumes that no one cares to keep, is a false cheapness. 
They desire rather to produce books superior in quality, and 
relatively as cheap. 

Each volume will be carefully revised by a comj^etent editor, 
and printed at the Chiswick Press, on fine paper, with new type, 
and ornaments and initial letters specially designed for the series. 

The Pocket Volumes will include all classes of Literature, both 
copyright and non-copyright 5 — Biography, History, Voyages, 
Travels, Poetry, sacred and secular, ISooks of Adventure and 
Fiction. They will include Translations of Foreign Books, and 
also such American Literature as may be considered worthy of 
adoption. 

The Publishers desire to respect the moral claims of authors 
who cannot secure legal copyright in this country, and to re- 
munerate equitably those whose works they may reprint. 

The books will be issued at short intervals, in paper covers, at 
various prices, from 1«. to 3s. 6ef., and in cloth, top edge gilt, at 
6</. per volume extra, in half morocco, Roxburgh style, at It. 
extra, in antique or best plain morocco (Hayday), at 4s. extra. 

Now Secufy* 

The Midshipman. By Capt. Basil Hall, B.N. 3s. 

Sonthey's Life of Nelson. 2g. 6d. 

George Herbert's Poems. 2s. 

George Herbert's Works. 8s. 

Longfellow's Poems. 2s. 6d. 

Lamb's Tales f^m Shakspeare. 2s. 6d. 

Milton's Paradise Lost. 2s. 6d. 

Milton's Paradise Regained and other Poems. 2s. 9d. 

Preparing, 
The Bobin Hood Ballads. 

The Lieutenant and Commander. By Capt. Basil Hall, B.N. 
8ea Songs and Ballads. By Charles Dibdin, and others. 
Walton's Lives of Donne, Wotton, Hooker, &c. 
Walton's Complete Angler. 

Other Works are in preparation. 
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